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PREFACE. 



toy generally be said that nothing can advance the 
ssts of those engaged in mining, more than the inter- 
nge of information legitimately gained by one and the 
its practical pursuit, provided that the facts 
i on record are marked with a view to accuracy and 
ntion to detail ; for it is clear, that in order to conduct 
■ affairs of a company with proper efficiency, a Super- 
^tendent must of necessity be more or less ci^nizant of 
matters relating to those branches of his profession 
drith whicli he has to deal ; as should the property under 
control, through the neglect of any source of real 
Feconomy, fail to pay what under other circumstances it 
light, the fact alone of its even returning dividends does 
I not e-vatse the faults of its administration, or prove that the 
mine is managed, as it should be, to the 6est advantage. 

Disregarding the case of a wilful or careless omission of 
precautions, it is evident that such a condition of things 
can arise, through simple ignorance of the possibility of 
substituting a better system for the one being followed, as 
the faults that can generally be detected are for the 
most part attributable to a disregard of those sma/l matters 
of detail, that the unassisted personal experien** "f «« 
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single individual has any possible chance of compassing in 
these times of rapid progress. 

Where the scale just turns, the substitution of one 
machine for another, a slight, perhaps apparently unimpor- 
tant, modification in a process, or the arrangement of 
plant, by resulting in closer work, may bridge the differ- 
ence from loss to profit, and yet be left neglected, simply 
for want of a precedent to go by. 

Since it is clear then that the ordinary range of personal 
observation is too limited to be alone depended on, to 
guide the engineer in the difficulties he may have to 
encounter ; and as he naturally can but seldom intuitively 
grasp and remedy for himself the defects which may be 
inherent to a particular line of policy ; the Transactions of 
several Societies, as well as various monographs, have 
from time to time been published, with the object of de- 
scribing whatever may be of interest, sufficiently fully and 
practically, to afford us as it were an artificial but sound 
acquaintance, with what is being done and noticed by 
others, in places outside of general reach. 

Believing that Saxony and Bohemia come within the 
latter category, and that for want of publication, but little 
comparatively is known in England, about the conduct of 
tin mining on the Continent, my object will have been 
realised, if this treatise contains any technical information 
that may be of service to the professional reader, or that 
proves new to any one in search of particulars, on the 
subjects of which it treats. 

Finally, besides acknowledging assistance received from 
reference to the writings of Richter, Kerl, Von Cotta, and 
Gaetzman on various points that escaped my notice when 
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collecting the notes that form the nucleus of the material 
I have been able to gather, I have gratefully to return my 
thanks to Messrs. Strickland and McNullty for the loan of 
sketches to compare with those of my own, from which the 
drawings of the mills and machinery have been elaborated, 
whilst, above all, I should specially allude to the kindness 
and courtesy of the German officials of the different works, 
in affording me facilities for acquiring whatever general 
information I desired or needed. 

Arthur G. Charleton. 

Marchy 1884. 
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ALTENBERG. 



INTRODUCTION. 

Out of about 16,430 tons of Tin, which amount is said 
to represent, as nearly as possible, the average annual 
production of the world, the proportions contributed by 
different countries, according to Kerl,* are approximately 
as follows : — 



Tons. 
East Indies .. .. 7,500 

Peru i»5oo 

Bohemia .. .. 60 



Tons. 

England 7* 200 

Saxony 130 

Spain 40 



The largest portion of the supply credited to the state 
of Saxony in the estimate given, comes from a group of 
mines located in the district of Altenberg, on the confines 
of Bohemia, about 20 miles due south of Dresden, which, 
from data derived from official returns, appear to have pro- 
duced 105 tons 738 lbs. of refined tin, worth 9171/. Ss, id, 
= $44,637 in 1880, as against 97 tons 1318 lbs. in 1879, 
worth only 6864/. 8j. 8rf. = $33,409, in consequence of the 

* ^ Metallurgischen Hii.tenkundc,* 2 Band. S. 766. 
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« 

price being then i6/. S^. = $79 loc. a ton lower than in the 
following year. 

As the nearest line of railway is 12 to 15 miles distant 
from the town of Altenberg, situated in the immediate 
neighbourhood of the works, the only means of commu- 
nication with them is by vehicle, following the chauss^es 
that start from Edle-Krone, Bienenmiihle, and other points. 

The two principal properties in the district, which are 
contiguous, and are known as the Vereinigt-Feld and 
Zwitterstocks Erbstolln, together yield the bulk of the tin 
obtained from the locality, as in 1880 only 2 tons 334 lbs., 
out of the total amount lately mentioned, came from other 
mines. 
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CHAPTER I. 

GEOLOGY. 

The rocks around Altenberg, where tin is found, penetrate 
the gneiss of the Erzgebirge in various places, over a belt of 
country 2 to 4 miles broad, that extends for 25 miles, from 
Altenberg on the east, to the Fichtel Berg on the west. 

Near the former place, which has given its name to the 
entire district, " the mineral " (cassiterite) occurs in deposits 
of two distinct sorts ; in the one case impregnated through 
a mass of rock (locally known as " zwitter ") that measures 
about 1 312 feet, across its outcrop ; in the other, associated 
with hematite, quartz, and other gangue, in a number of 
small but regular fissures, averaging rarely more than 
8 inches in width. These latter form a complete network 
of veins through the same formation of " zwitter " alluded 
to, which is enriched wherever they traverse it, although 
the veins themselves now hold but a comparatively small 
amount of tin. On passing into the adjoining porphyritic 
granite, most of them, however, appear to become richer, 
and are frequently found with a parting of red clay; whilst, 
on the other hand, they cease to be productive, where they 
enter the next adjacent eruptive masses of quartz-porphyry 
and syenite-porphyry, which so imperceptibly merge into 
one another, that no distinct line of demarcation can be 
traced between them. 

The zwitter is a dark-grey or greenish coloured rock, 
frequently almost black, that holds one-third to one-half per 
cent of tin, and is of remarkably fine texture, composed 

13 2 
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essentially of quartz with chlorite or lithia-mica and cassi- 
terite (tin-stone); specular-iron, wolfram, mispickle, and 
traces of other metallic sulphides, in addition to several 
non-metallic minerals, being also sometimes found amongst 
its constituents. The quartz, which is in an amorphous 
condition, is, it should be observed, . the only one of its 
components except cassiterite that can be plainly distin- 
guished by eye-sight alone. This peculiar mineral com- 
bination only differs in fact from typical "greissen," of 
which it is a variety, by its having a finer texture and 
darker colour (partly owing to the predominance of chloritic 
mica), and through the presence of cassiterite, with small 
proportions of the other minerals that enter into its com- 
position, as occasional, rather than as essential components. 

These components include, besides those already men- 
tioned, bismuth (native), bismuthine, molybdenite, copper 
and iron pyrites, and fluor-spar, but they can be seldom 
recognised separately, except in the irregular pockets and 
strings of quartz that penetrate the rock in different direc- 
tions; and, as the term is misleading, it should be men- 
tioned that the name of " Stockwerks-porphyr," given to 
the "zwitter" by the miners, is obviously a misnomer, 
since it possesses neither a true felsitic base, nor properly 
developed crystals. 

The porphyritic-granite, of which the neighbouring rock- 
mass consists, is fine grained, and of a reddish-yellow 
colour, being very rich in pink felspar, and it is noticeable 
that the stanniferous strings and veins of quartz that, as 
beforesaid, are merely extensions of those traversing the 
formations on either side, in which they are in the one partly, 
and in the other entirely barren, here, not only carry ore in 
paying quantities (being generally most highly mineralised 
where they run east and west), but are also bounded on both 
walls by a broad dark band or zone of rock, that more or 
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less resembles " zwitter," and, like it, is impregnated, though 
to a less extent, with cassiterite. Further, the felspar, that 
has apparently been entirely removed from the bands 
themselves, is, or seems to be, more than ever predominant 
in the granite into which they gradually merge. 

These facts, when considered collectively, point to the 
conclusion formed by Von Cotta and others, who have 
studied the geology of the district very carefully, that the 
"zwitter" is merely an altered form of what was once a 
granite, similar to that at present next it, which became 
impregnated with solutions of silica and tin, in combi- 
nation with other elements, whilst at the same time it 
was subjected to the influence of heat ; this hydro-meta- 
morphic action (as it may be called) having doubtless had 
the effect of removing the felspar also from the original 
rock (through the channels formed by the veins), and of 
re-depositing it in places, where small quantities, already 
existed, at no great distance from the points from whence 
it was thus derived. 

Such a theory would account for, and be in keeping with, 
the small amount of tin in the veins in one place, and its 
comparative abundance in another ; the existence of " the 
dark bands," the preponderance of felspar in the un- 
altered granite, and the presence of cassiterite dissemi- 
nated through the " zwitter," in which it exists at the pre- 
sent time, however, doubtless in somewhat larger proportion 
than it did formerly, in the other formations close by, now 
barren, where the mineral has been segregated in the veins 
instead. 

In the " Stockwerks " that will be spoken of further on, 
this supposed process of substitution, if the theory be cor- 
rect, is seen most perfectly developed, and as Bischof has 
proved that tin-stone can be dissolved in water containing 
alkaline carbonates, whilst Kjerulf and Daubr^e have shown 
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that it may be deposited either from solutions, or gaseous 
emanations ; coupling these facts with its known occurrence 
in some of the Cornish tin mines, as an actual pseudomorph 
of felspar, it seems only reasonable to infer that alkaline 
waters, charged with tin, derived in the first instance from 
the adjacent formations, actually did penetrate the " zwitter " 
through the network of fissures which were open at the 
time, dissolving and removing the felspar, and leaving 
cassiterite in its place, whilst filling up what are now the 
veins with quartz and other minerals. 

It is worth mention, in bringing these few remarks upon 
the geology of the district to a conclusion, that the relation- 
ship which may be noticed here as elsewhere between tin- 
ores and rocks of a granitic character seems to be universal, 
as the former are rarely if ever found far from the latter, 
whilst seemingly the most productive lodes are generally 
those situated near the junction of granite, syenite, or rock 
of that class with a metamorphic formation, or, as some- 
times happens, with ancient sedimentary deposits. 
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A NUMBER of shafts are said to have been sunk at 
different times upon these remarkable tin deposits at Alten- 
berg ; but five of them were destroyed in 1620 by a sudden 
and unexpected subsidence of the surface taking place, 
owing to weakness or unsoundness in the timbers and 
pillars left underground to support the weight of the 
superincumbent earth and rock, which, in falling in, spread 
destruction through the workings, and formed a crater- 
like opening, or " open-cast," known as the " Pinge,"* 
930 feet long, 600 feet wide, and 190 feet deep, encircled 
by perpendicular walls, and filled at the bottom with a bed 
of debris, that has been proven to a depth of 480 feet, 
without finding bed-rock. 

The existence of this " open-cast," which bears no slight 
resemblance to the excavations for copper at the Parys and 
Mona mines, Anglesea, and others for iron-ore, in Sweden, 
has given rise to a peculiar system of " getting " mineral 
which one finds pursued in some of the workings of the 
Vereinigt Feld Mine, that has been operated since 1457, 
and to which access is obtained, either by the Romer shaft, 
657 feet deep, or by an adit, commencing near Geising, that 
intersects the deposits 272 feet below the surface. 

* The engraving shows the top of the ** Pinge " indistinctly in the back- 
ground. The faintness of the print is entirely due to defects in the original 
photographic negative, which was taken just as the sun was about to set, for 
want of any other opportunity. 
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The method of winning ore, to which special allusion 
has been made above, is known as " Bruch-bau " ; and, for 
reasons that will be obvious later on, this system can only 
be practised in the comparatively deep workings. 

It consists in driving galleries 6x8 feet from firm ground 
(a), Fig. I, in the direction of the " Pinge," until as the face 
of the drift approaches the border of the broken fragmentary 
debris (e) in the "open cast" (it is intended to traverse 
diagonally) disturbed and disjointed rocks, "Stehenden- 
Bruch " (b), are met with, " sets " of timber have to be put 
in, and the level is in what is called the "Bruch-ort" 
Thence it is pushed forward (still using explosives) until 
it is well within, and under the actual body itself of 
breccia and detritus, " Lebendigen Bruch " (e), a position 
that requires timbering and lagging of extra strength, to 
keep it open and prevent " a cave," but which, when once 
reached, enables the miners to get the ore, by merely 
picking, raking, and shovelling it inwards at " the face," 
called the "Schub ort," where a fresh supply keeps con- 
stantly rolling in, forming a sort of natural talus (d), Figs. 
I and 2, as fast as that in front is removed. 

Ore obtained in this way is of course mixed with much 
waste which is utterly worthless, and it has therefore to 
undergo a careful sorting, before being sent to bank ; but 
the supply obtained is seemingly so inexhaustible, that a 
" Schub ort " will frequently continue to afford fresh material 
for weeks, or even months, and when it ceases to do so, all 
that is necessary is to penetrate further into the mass of 
debris, by timbering forward, until a point is reached where 
a continuous natural supply re-commences. But in order 
to augment the number of working faces, when the output 
requires to be increased, side-drifts or cross-cuts, " Flugel- 
orts"(^). Figs. I and 3, timbered like the main-galleries, are 
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frequently started out from the latter into the " Lebendigen 
Bruch," at safe distances apart from each other. 

With this plan of working, the chief points to be looked 
to are, that the galleries do not run under one another at 
different levels, and that no vacant spaces (h). Fig. i, 
remain open above the timber, as a fall of rock from any 
height above would inevitably do much damage in the 
drift. 

Two men are usually employed in each face, one getting, 
the other timbering or sorting as occasion requires ; whilst 
a third wheels the ore in barrows to the shoots, placed at 
intervals along the main car- tracks. 

A gang in this way is able to handle from 3 to 4 tons of 
ore in an eight-hour shift, and the facility with which the 
mineral is obtained (notwithstanding the cost of timber) 
makes " Bruch-bau " more in favour than any other system 
at Altenberg. 

Another method that may still be seen in operation in 
these mines is the so-called " Stockwerks-bau,*' but it can 
only be employed in those parts of the deposit where 
the zwitter is impregnated with cassiterite in sufficient 
quantity, or a network of small veins bunch together; 
for it should be explained, that the mere presence of cas- 
siterite does not alone constitute a stock-work — Germ. 
Stockwerk — as the term is applied only to those centres of 
enrichment where the rock, though comparatively poor, 
appears to be rich enough to be mined at a profit. Stock- 
werks-bau would indeed never be followed, unless consider- 
able portions of the rock were barren, and the value of the 
pay-rock comparatively so small and variable that large 
quantities must be got out to make it pay ; and, from 
circumstances outside of the miner's control, no regular plan 
of working can be maintained underground. 

In mining by this system at the present time, drifts are 
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driven from the Romer shaft at every 63 feet in depth 
with the aid of explosives ; and as soon as the deposit is 
reached, cross-cuts are started from the main levels in safe 
ground, towards supposed points of enrichment, where the 
ore is worked out generally by over-hand stoping, in floors 
one underneath the other, each consisting of several approx- 
imately circular chambers, which are often 40 to 50 feet in 
diameter, and 35 to 45 feet high. 

Having in the first instance made one of these excava- 
tions, the next step is to drive one or more galleries in any 
desired direction, just sufficiently long to leave a safety 
pillar of comparatively poor rock, usually 15 to 25 feet in 
diameter, between the last chamber and the nearest point 
where ore can be found that can be worked in a similar 
manner ; and thus a series of chambers are formed, irregu- 
larly placed with regard to one another, on the same 
storey or "Stock," and separated by what may be con- 
sidered as merely massive pillars of " country rock." 

In occasional instances, where it has been desirable to 
follow a shoot of ore downwards, below any deeper workings 
near it, the floor has been worked out by under-hand 
stoping until down many feet below the lowest drift by 
which access can be obtained to " the Stock "; so that you 
descend to the bottom, as it were, by a flight of steps, 
starting from a ledge that runs partly round the side of 
the chamber, and connects with other excavations at the 
original level of the storey. 

A point of great importance in carrying out this system, 
if great risk would not be incurred, especially when the 
chambers are of large size, is to keep the pillars in the 
different floors, which are separated by about 9 to 1 5 feet 
of solid rock, as far as possible directly underneath one 
another ; and it is presumed that the neglect of this pre- 
caution was the direct cause of the disaster that resulted in 
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forming the " Pinge." Occasionally, however, the floor be- 
tween superimposed chambers has been purposely broken 
through, by knocking away the supporting pillars ; and in 
such cases one may notice the open ends of what were once 
short galleries on the upper floors, that have now become 
inaccessible except with ladders. 

The different floors are formed by commencing near the 
surface and working downwards ; and there are probably 
few more curious or striking sights to be seen underground,^ 
except possibly in some of the salt workings of Cheshire and 
Stassfurt, than is afforded by a " Stock-werk " of this kind, 
in which knolls of rock in situ (too poor to be removed), 
and fragments of ore of all sizes that have fallen from 
the roof, are strewn about ; whilst the darkness overhead 
is almost impenetrable in the dim light given by candles, 
owing to the height of the arched vault above you. 

An iron cage, operated by a water wheel, is used in the 
Romer shaft, which is sunk perpendicularly, at variance 
with the general practice prevailing in the metal mines 
of Saxony, in order to avoid disturbed and dangerous 
ground, and because of the character of the deposit it is 
intended to open up, which does not under any circum- 
stances favour an incline. 

The oldest method of getting the ore at Altenberg 
was by fire-setting, as at Rammelsberg, with a "Pregel- 
katze *' ; * but since it has long been abandoned, it is not 
necessary, I think, to do more than mention the fact 

* An iron frame, on which the wood set fire to was heaped. 
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CHAPTER III. 

ORE-DRESSING. 

,The ore from the mines, which carries tin, arsenic, and 
bismuth in paying quantities, as well as some molybdenum, 
after undergoing careful sorting, is taken to the dressing- 
works, situated together with roasting-houses and a smelter 
in a narrow valley (see sketch map), about one mile in 
length, and of but slightly varying width, from its com- 
mencement at the Romer shaft to its termination near 
Geising, in which direction there is a very regular down 
grade all the way. 

Its sides are in places abrupt, in others rounded into 
bluffs, formed of a coarse porphyritic granite (remarkable 
for its large crystals of pink felspar), and are in many parts 
clothed with fine forests, mostly of pine, that afford some 
of the best timber for mining purposes ; whilst a road 
conveniently situated for giving access to all parts of 
the property, and a stream which supplies the necessary 
water and power for the machinery in the mills, render 
the location a very suitable one for the purpose for which 
it was chosen. 

The works devoted to the treatment of ore are some of 
them constructed of wood (a rare thing in Germany), with 
roofs pitched at a very steep angle on account of the heavy 
snowfall, and comprise twenty-seven separate buildings 
devoted to stamping and washing, two roasting-houses, 
two furnace-buildings, bismuth-works, shaft-houses, offices? 
repair-shops, smithy, stores, and saw-mill. 
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The Stamp-houses are furnished altogether with 1386 
head of stamps. 

The dressing-floors contain 67 tyes, 84 end-percussion 
tables — Germ. Stossheerds — and 42 inclined-tables — Germ. 
Liegendeheerds — besides settling-tanks, vats, &c.; whilst 
the roasting-houses have two reverberatories, and the 
smelters a similar number of blast furnaces, but only 
part of this plant* is now running regularly, giving employ- 
ment to about forty boys and fifty men. 

As the handling of the ore is identically the same in all 
parts of the works, a description of its treatment in one 
building of each kind will be sufficient. 

The ore having been brought to the surface, varying as it 
does in size from sweepings to blocks weighing several 
hundred-weights, is dumped, screened, and sorted ; and 
all under i^ inch in diameter that passes the grizzlie is 
sent direct to the stamps, whilst the very large masses are 
split by fire into pieces, which can afterwards be broken 
with sledges or by " burning in heaps " to a proper size. 

The method of doing this is so simple and primitive that 
it hardly demands description, the lump of ore to be 
operated upon being merely set on two or three iron bars 
raised on smaller stones a foot or so above the earth, in any 
convenient spot on the " sorting ground." A fire of resin- 
ous wood is then lighted, and kept up underneath it, until 

♦ The prominent absence of **/(?'•*'>" which may be noticed at Altenberg, is 
due to the grain of the cassiterite in the ore of this particular locality being of 
a notably fine and even grade, which would not permit of their economical 
employment. For, although the judicious use of the class of machinery in 
question will often diminish loss in dressing, where there is ^ proper preliminary 
classification^ in such a case as this, any attempt at jigging would obviously 
effect no saving, if indeed it did not tend to operate the other way. 

For the same reason, the stamp batteries are arranged so as to enable the 
cassiterite to escape as far as possible without further comminution. The chief 
functions of the battery in this instance being rather to rid the mineral of its 
surrounding stony envelope. 
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it cracks and splits, under the disintegrating force of steam 
and unequal strain ; a method which is probably cheaper 
and less dangerous to employ for breaking the larger 
blocks obtained in " Bruch-bau " than powder or dynamite 
would be. 

Sometimes also, instead of spalling the bigger fragments 
obtained in the manner just described, fire is used in 
another way to complete the work it has already begun, 
particularly when the run of ore happens to be of a 
specially hard character, difficult to stamp raw, when what 
is called " Murbe-brennen " is resorted to, in order to make 
it more friable. This consists in piling the ore on the 
ground in a heap, 36 feet square and i foot high, with a layer 
of chips 4 to 6 inches deep spread above, and roots and fagots 
stacked on top to a depth of nearly 2^ feet. Side walls 3 feet 
thick are then built around the edge of the heap forming 
the foundation, so as to surround the wood, on which lumps 
of ore, averaging 8 inches to i foot in size, are piled to a 
depth of 4 to 5 feet, and the top is finally covered with a 
thickness of i foot of smalls, about as large as a man's fist. 

The burning lasts two days, the larger lumps falling to 
pieces ; but if not yet small enough, or in a proper condition 
for stamping, they are burnt a second time. . 

Open-heaps — Germ. Freien-haufen — are again (though 
merely as a means of roasting) sometimes made use of, 
and are formed in the usual way of a bed of wood 14 to 
16 inches thick, overlaid with 2^ to 3 feet of tin ore, and on 
top of all 4 to 5 inches of small coal. 

Mill No. I, Fig. 4, which is a type of most of the others 
in the valley, except as regards the relative position of 
the stamp-house and dressing-floors, has a plant of 120 
stamps, 8 settling-tanks, 4 end-percussion tables, besides 
2 dissolving tubs for the extraction of bismuth, and slime- 
pits outside the building. 
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The Stamps are of the ordinary German pattern, Fig. 5, 
and are arranged in eight batteries, containing three sets 
with five heads in a set, weighing, stem and all, 250 lbs. 
apiece, and are capable of crushing about 11 to 'i 5 cwt. of 
roasted z witter, 8 J to 9 cwt. of raw, or 10 to 11 cwt. of raw 
and roasted zwitter mixed, per head, in 24 hours. 

Figs. 5 and 6 will give a general idea of what such a 
battery is like. The most interesting feature in its con- 
struction is the coffer, which has a wooden foundation, with a 
bed of zwitter (a) 24 inches deep on top, that is stamped till 
it becomes firm and solid, and is 18 to 20 inches below the 
bottom of the opening (b) in front of the stamps, covered 
with interlaced pine boughs, that act as a screen. 

A separate hopper (c) supplies ore to each set of heads, 
and is provided with the usual feeding arrangement, 
common to most wooden batteries, of a shoot (D) and 
striking block (e), the latter receiving successive blows at 
each fall of the middle stamp from the tappet at the back 
of the middle stem. 

The stems measure 6x8 inches, and are made of beech 
wood. 

Power is transmitted to each battery by a separate water 
wheel, and the stamps, which have a drop of 1 5 inches, and 
require about one-third of a cubic foot of water per minute 
are run at different speeds when crushing different kinds of 
rock : with raw zwitter, falling 45 times per minute ; 38 to 
40 times with roasted ; and 24 times per minute with 
" Abgang-stein " and " Schwarze." * 

The heads are of wrought iron, weighing, when new, no 
to 120 lbs., and last 2 to 3 months; but are by that time 
reduced to a mere shank,t weighing only 15 to 20 lbs. 

* Terms explained pp. 28 and 29. 

t A most reprehensible practice, that materially affects ** the duty'' of the 
battery. 
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The sands and slimes, after leaving the battery-coffers, 
flow along wooden gutters (e), Fig. 4, set in front of each 
battery, and emptying into a main gutter (F), Figs. 4 and 
7, that distributes them to a series of settling boxes — 
Germ. Poch graben — (g), four in number, standing side 
by side, and measuring 22 ft. 4 in. in length, 3 ft. 8 in. hi 
width, and i ft. iij in. in depth. They are arranged as 
shown in the figures, with an overflow slit, A, at the top of 
the end board, which is also pierced with two holes, one 
beneath the other, that can be stopped with plugs (c C) ; 
whilst on the outside there is an iron shoot / directing the 
slimes escaping from the end of each box, into a labyrinth 
— Germ. Mehlfuhrung — (h), placed at a lower level. 

The action of the boxes is more sorting than concen- 
trating. Their manipulation is most simple, the workman 
merely letting one fill, whilst the others empty, allowing a 
full one to rest for half an hour, so that the material in it 
can settle, then opening the top plug-hole to allow the 
lighter slimes to escape, and finally clearing what remains, 
by knocking on the floor of the boxes with a wooden pole, 
admitting clear water, and opening the lower holes ; taking 
care, however, the while, not to knock with the pole near 
the head of the box, for fear of mixing the fine with the 
coarser settlings. 

The products resulting from this treatment are headings, 
middles, and box-slimes ; occupying each respectively a 
third of the length of a box, from its head to its foot, whilst 
the lighter ore and tailings pass on to the labyrinth (h) 
beyond. 

After traversing the " grabens " that form the labyrinth, 
consisting of eight settling- tanks, each 14 feet long, 2 feet 
wide, and 2 feet deep, any ore still in suspension in the 
current escapes to the slime-pits — Germ. Sumpf — Fig. 8, 
outside the building ; whilst the ore that settles in the 
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boxes and tanks, the box-headings excepted (as they 
are treated at once on an inclined table, Fig. 20), go for 
further treatment to wooden end-percussion tables (a), 
Fig. 4 and Fig. 9, which, in order to distinguish each 
separately, I have called ist, 2nd, 3rd, and 4th, in the 
description that follows. 

The 1st table, Fig. 4, is devoted to the preliminary con- 
centration of the middles and box-slimes, coming from 
the boxes (g), and yields headings (consisting of the 
upper two-fifths of the settlings deposited upon the table) 
that are collected, and tailings (what remains upon^ as 
well as flows off, from the lower end of the bed) that are 
thrown away, or go of themselves to waste, the same table 
being afterwards used for washing the headings resulting 
from the first washing a second time, by which more highly 
concentrated headings are obtained, with tailings as before. 

The 2nd table, Fig. 4, treats the concentrates resulting 
from the final washing on the ist table over again, once 
or twice, and finally gives comparatively clean and rich 
headings, middles, and " Unterfass," * that must be re- 
washed, and tailings that are valueless (see " tree " of the 
Altenberg dressing-process). 

The 3rd table is reserved for concentrating the settlings 
taken from the labyrinth (tank-slimes), or, as occasionally 
happens, from the slime-pits (pit-slimes), when the latter 
are now and then cleaned ; following out the same course of 
treatment, as that pursued with the richer settlings on the 
1st table, whilst the 4th table further concentrates the 
products of the last washing on the 3rd table, by repeatedly 
passing those portions that are already partially enriched 
by their previous treatment, as many times more over it 
as may be necessary for them to acquire a sufficient degree 
of concentration. 

* A term that will be found explained on p. 18. 

C 
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Having traced the ore thus far then in its course through 
the mill, before following it further, I must digress for a 
moment, to say a few words upon the adjustments that 
have to be given the tables, in order to enable them to 
properly work the different grades of ore in various stages of 
concentration, which have to be dealt with individually (as 
already described), each in a more or less different way. 

The practice at Altenberg seems to be to give the 
1st and 3rd tables 26 to 27 blows a minute, whilst the 
2nd and 4th are run at 32 ; and to allow the ist and 2nd 
tables (as the ore treated on them is comparatively 
coarse) an inclination of 1° to 3|° as compared with the 
3rd and 4th, which, working fine, vary from the horizontal 
to a slope of three-quarters of a degree. 

The tension ranges from 1^° to 4°, and when a table gets 
nearly full, the strength of the blow is somewhat reduced. 

It is also customary to use " the Unterfass " or box (a), 
Fig- 9> at the foot of the table, to catch the tailings coming 
from the coarser concentrates, when the latter are under- 
going final treatment on the 2nd table, as the overflow, other- 
wise escaping along the gutter (<2), Fig. 9, would carry with 
it a certain amount of cassiterite, which is better caught 
in this manner (as it can be collected at once, and washed 
with greater profit) than if allowed to go to the slime-pits. 

The presence too of arsenical-pyrites, or mispickle, 
Sp. Gr. 6 * 3, occurring as it sometimes does in considerable 
quantity in the coarse grades of concentrates, often gives 
rise to a good deal of trouble, owing to its not being 
stamped as fine as the tin, for it is then liable to collect in 
a heap at the head of the table, and can only be dislodged 
by the use of a scraper — Germ. " Kiste " — since to increase 
the strength of the blow, as a means to the same object, 
would entail too large a loss of fine cassiterite, that would 
be carried away as well. 



ORE-DRESSING. 



19 



Additional particulars, regarding the requisite length of 
stroke, and consumption of water per minute, as well as 
the capacity of the percussion tables at Altenberg, when 
working different grades of ore, are given in the subjoined 
table : — 



Grade of Ore. 


Length of 
Stroke. 


Quantity required per minute. 


Time taken 


Slimes. 


Water. 


to nil ' a 
table." 


Coarse concentrates*... 

Middles 

Slimes (box) 

Slimes (tank) 

Slimes (pit) 


4 inches. 

3 tt 

If ,, 

i „ 

2i „ 


4 of a cub. ft. 

i It 11 
i )) It 
t )) )) 

i 19 19 


J of a cub. ft. 
i 9t ' 11 
i 11 11 

T 11 11 

i 19 »> 


3 hours. 

4 „ 
6 „ 

12 „ 
24-48 „ 



• From previous *' washings." 

At the conclusion of the last washings only a narrow 
strip of sand is left at the foot of the 2nd and 4th tables, 
and as it is too poor to treat again, it is thrown away, whilst 
the rich headings higher up are still further concentrated on 
a "tye" — Germ. Schlamme-graben — Fig. 19,* 16 ft. 10 in. 
long (including head board), 1 5 inches broad, and 1 5 inches 
deep; which yields (a) tye-headings, and (d) half-clean con- 
centrates; the latter settling at its lower end have to be again 
washed on an inclined-table. Fig. 20, when they give an addi- 
tional quantity of good f-concentrates, distinguished as 
" Guterstein," " Geringer-stein," " Schwarz-stein," and " Ab- 
gangs-stein," according to circumstances explained here- 
after. 

The tye-headings, together with the several other sorts 
of good- concentrates enumerated, as soon as a sufficient 
amount has been collected, are removed in boxes to the 
roasting-houses for further treatment, the object being : 
1st, to dispel the arsenic and sulphur (present in the ore in 

♦ For description of Figs. 10 to 18, which give details of Fig. 9, see Expla- 
nation of the Plates. 

t Sufficiently rich to be worth saving. 

C 2 
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the form of pyrites) by sublimation ; 2nd, to convert the 
metallic bases (iron, copper, &c.) of the pyritous and 
other minerals (it is desirable to get rid of) into oxides, 
that are specifically lighter than their original derivative 
compounds, and can consequently easily be removed by 
subsequent washing ; 3rd, to form compounds of bismuth 
that are soluble when lixiviated with hydrochloric acid 
(HCl), but are not sufficiently light to be removed in 
dressing. 
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CHAPTER IV. 

ROASTING. 

The roasting-furnace in which this is done, Figs. 21 and 
22, is of the reverberatory type — Germ. Flammofen — with 
the addition of flues {d), for the condensation of volatile 
products (principally arsenious oxide) in chambers, Fig. 23, 
connected with it. 

The hearth is 14 to 20 feet long and 5 to 8 feet wide, with 
the fire-place at the further end from the working doors, 
{a a*) that are double, expdsing, when open, the entire 
breadth of the oven. 

Its bridge (Jb) is 6 inches high, and i ft. to 1 8 in. below 
the crown of the arch that forms the roof, which, as it is 
flat on top, is used as a drying-floor (c), 

A noteworthy feature is an iron roller that is set in the 
doorway (^), just above the sill, so as to reduce the 
labour of rabbling the charge, as the heavy tool can be run 
backwards and forwards upon it with much greater ease 
than over a mere bar. 

The process is carried out as follows : — 1200 to 1400 lbs. 
of concentrates, when thoroughly dried, are introduced 
through the opening (/) in the roof, and, after being evenly 
spread out upon the hearth, the furnace is brought to a 
proper temperature, whilst " the roast " is constantly rabbled, 
in order, as far as possible, to prevent it from sintering, and 
to expose ifuniformly to the heat, continuing this treatment 
until it ceases to give off fumes, when the temperature is 
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raised, and a certain quantity of charcoal is introduced and 
thoroughly mixed with the ore, in order to further assist in 
reducing the sulphates and arseniates (that are formed at 
the beginning of the operation) to basic salts. 

The charge is drawn usually at the end of 6 to 24 hours, 
depending on the amount of arsenic present, and during 
the final stage of its treatment (described in the last para- 
graph) is only occasionally rabbled, taking also special 
care that the door of the flues leading to the condensing- 
chambers, as well as the outer double-doors {a) of the 
furnace, are kept carefully shut, whilst the inner ones {a) are 
open, in order that any "dust" carried forward by the 
draught, as not unfrequently happens, owing to the fine 
state of division of the particles of charcoal, may go up the 
chimney {g) instead of into the chambers, for if it did so 
it would render the arsenic unfit for sale. 

Sometimes when sulphur is present a sulphate is pro- 
duced,* which is soluble in hydrochloric acid, and frequently 
causes a loss in the subsequent dressing that, in some 
Cornish works, f amounts to as much as i^ per cent, of the 
tin in the concentrates (tin witts). 

♦ Ordinarily the tin is but slightly decomposed or altered in ** roasting.'* 
t Kerl Metal HUltenkunde. 
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CHAPTER V. 

ARSENIC AND ITS TREATMENT. 

The arsenious oxide — Germ. "Gift-mehr* — AS2O3, caught in 
"the chambers " Fig. 23, is generally more or less grey and 
dirty looking, but when it is in sufficient quantity in the ore 
to be worth saving specially, a better and hence a whiter 
quality can be produced by commencing with and main- 
taining a higher temperature in roasting from the outset. 
In doing so, there is, however, a greater tendency for the 
ore to clot, which, should it so happen, must be checked by 
rabbling it more frequently, and lowering the temperature 
until the charge just glows, and gradually becomes slack. 

The chambers, Fig. 23, are of the zig-zag design usually 
met with (in Germany) When the object is to collect crude 
arsenic, and might, I think, be slightly improved upon. 

Fig. 24 shows an alteration I proposed some years ago, 
which, whilst tending equally to delay the fume-current, by 
placing the same impediments in its course, gives a greater 
cooling-surface than is presented by an equal length of 
chamber of the common form, or than can be obtained in 
any other way, for the expenditure of a given amount of 
masonry and material, economising, therefore, both space 
and cost. 

The arsenic often forms very fine crystals that cling, to 
the sides and roofs of the chambers, and it is cleaned out and 
removed from them every 3 to 6 weeks, preparatory to being 
refined, and prepared for commercial purposes, by convert- 
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ing it into white-glass, in iron vessels, 2 ft. 5 in. high and 
I ft. 10 in. in diameter, that each hold 2^ cwt of sublimate. 

The operation is carried out at Altenberg, as far as I can 
learn, in much the same manner as at Swansea, South 
Wales, where the plant employed for a similar purpose 
consists of four cast-iron vessels or basins (a), Fig. 25, 
24 inches deep and 2 inches thick, supported by flanges (a), 
resting upon an iron plate (^), set on a seat of masonry (e) 
20 inches high, that raises them above a grate (f), opening 
on the outside of the building the process is conducted in. 

The rims of the vessels are flush with the surface of the 
bed (^), as the edge of the openings in it are bevelled out 
to receive the flanges, whilst due allowance is made for 
expansion, by cutting the plate through at (/) the back of 
all of them. 

Above each basin there are two flanged cast-iron cylinders 
(b and c), each 2 feet high and 2 inches thick, set one over 
the other ; the lower one having the same bore at the 
base as the diameter of the vessel (a) underneath, but 
tapering towards the top, like the upper one (with which it 
corresponds), i inch in its length. A conical cap (b), 
18 inches high, rests on top of the uppermost cylinder, 
and is provided with a flange (/) cast round its apex, 
forming a seat for a 2-inch pipe (A), that carries off the 
surplus fumes of arsenic which are produced, and that go 
back to the chambers during the progress of the process ; 
whilst there is a second opening (k), i inch in diameter, on 
the side of the cap, usually kept closed with an iron plug, 
which is used to control the progress of the operation by 
inserting an iron test-rod. 

The lower cylinders can be wedged to the plate on 
which they rest, by means of the iron stirrups and angle 
wedges (s v), and the cylinders and caps may, if necessary, 
be secured by screw-clamps fixed to the flanges, so as to 
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ensure their remaining gas-tight ; but their weight alone is 
usually sufficient when the joints are properly red-leaded.* 

The separate parts have to be raised by means of over- 
head running tackle. 

The vessels are charged by introducing about 300 lbs. of 
arsenious acid (AS2O3) into each. The caps are then put on, 
the necessary connections made, and a steady fire main- 
tained directly underneath them for 4 to 8 hours, entailing a 
consumption of about 2^ cwt. of coal per kettle. 

Success depends on regulating the temperature, so that 
it is neither too low nor too high,, as in the one case either 
a cloudy poor quality of glass will be produced, or the 
arsenic will sublime and condense in a flocculent state in 
the flues and upper part of the cylinders ; whilst in the 
other, owing to the fumes ascending too rapidly (vertically, 
instead of circling gently upwards as they ought to do), 
they are driven out of the cylinders before they have time 
to settle on the sides of the drums, where they melt to a 
clear white vitreous substance, the so-called arsenic glass, 
if the heat is kept properly, between the extremes to be 
avoided. 

The temperature required to effect sublimation is some- 
what higher than would under ordinary circumstances be 
necessary ; for as the process is conducted in a closed 
space, the fume is in consequence under a certain amount 
of pressure, which delays its escape, and has the effect of 
forwarding the formation, besides, it is said, improving the 
quality of the glass, that collects in a sort of scale or 
lining, some inches in thickness, all around the inside of 
the drums and caps. 

The right point is reached, when cold water dashed with 
the hand or a brush against the outside of the upper drum, 

♦ Eisenkitt, a cement of oxide of iron, is used in Germany for this 
purpose. 
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gradually disappears like breath off a cold surface ; whilst 
on the lower one it ought to fizz, and evaporate with 
ebullition of steam. 

The operation is ended, when an iron test-rod, introduced 
through the hole (^), no longer shows a white coating of 
arsenic condensed upon it ; and next day, when the vessels 
have thoroughly cooled, they are taken to pieces, to re- 
move the glass, and prepare them for making a further 
quantity. 

Besides the unvitrified portion of the charge that returns 
in the form of fume to the " chambers " when the arsenic is 
not first thoroughly refined, a residue, partly earthy, partly 
metallic, often forms a pulverulent deposit at the bottom of 
the vessels, that is thrown away unless of sufficient value to 
be returned to the roasting oven. 

The " glass " has to be hermetically sealed in barrels or 
cans, for greater safety, and to keep it from exposure to air, 
as it would otherwise become after a certain time opaque, 
which renders it unmarketable. 

Arsenic is specially used for the following purposes : — 

{a) In making paints (Scheeles green, Schweinfurt green, 
and King's yellow), and for fireworks. 

(J?) In paper-printing, dye, and bleaching-works. 

(c) In the production of arseniate of soda, and other 
chemicals and drugs, as well as aniline colours. 

(d) In the manufacture of flint glass. 

(e) To harden plaster casts. 

(/) For vermin and insect powders, and to prevent smut 
in grain. 

{g) In Fowler's solution (used for washing sheep). 

{k) To harden shot, and give the grains a spherical form. 

(k) Alloyed with copper, it forms a white metal, often 
employed for clock, compass, and aneroid dials, &c. 
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CHAPTER VI. 



FINAL CONCENTRATION. 



The ore, after being roasted, is sieved to get rid of lumps 
(that must be re-stamped) before it is returned to the 
dressing-house, where it is again run through the "tye" 
(p). Figs. 4 and 19, so as to remove the altered compounds 
of sulphur, arsenic, and iron, which being now decomposed 
and specifically lighter than the tin, as already said, are 
easily washed out of it, colouring the water a blood-red, and 
leaving clean ore behind, that goes for final concentration to 
the inclined table — Germ. " Glauchheerd " ; Com. nicking- 
buddle — (k). Fig. 4, constructed as shown in Fig. 20, that 
yields concentrates, in much the same way as in the earlier 
washing preceding the roasting, that I must for a moment 
revert to, as I before stated I should do. 

The first step in this operation, is to form a sufficient 
quantity of ore (enough to cover the working surface, 
when spread out in a thin sheet) into a sort of dam 
near the top of the table, over which water is then 
allowed to flow, until the heap is gradually worked away — 
Germ. " eingeschlammt " — with the assistance of a scraper. 
Fig. 26, called an " Einschlamm-kiste," that is used to 
spread and move the material about before subjecting it to 
be brushed ("gekehrt") with a broom, Fig. 27, made of 
pine boughs. 

The method of doing this is by sweeping from side to side 
in a semicircular fashion against the descending current, in 
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such a way as to delay the heavier, i. e. richer particles, that 
would be otherwise carried away by the stream, which 
moves without floating the lighter grains of waste down- 
wards, as they are gradually swept off the bed, leaving 
behind a concentrated product, called " Steinwage," that is 
collected in a wooden tray, the " Stein-trog " * (a). Fig. 28, 
and re-worked. 

The subsequent stage of washing, called cleaning — 
Germ, "die reinigung" — differs slightly from the process 
just described, inasmuch as the ore is separated from the 
waste still mixed with it, by brushing it out in narrow 
strips, which consist of the enriched portions known as 
" Guter-stein," that are removed separately with a flat 
wooden shovel (Einfangschaufel), Fig. 29, whilst a board, 
placed at the foot of the table, dams back the water into a 
sort of " pool," where some of the comparatively rich ore, 
" Gefalle," that would otherwise get mixed with the more or 
less rich tailings, i. e. inferior concentrates, escaping at the 
end, settles, and is caught. 

These settlings, " Gefalle," give when re-worked {a) what 
is called " poorer ore " — Germ. " Geringer-stein " — {U) a 
poorer class of settlings, or 2nd "Gefalle," and (r) black- 
tailings or " Schwarze," that are entrapped in a box sunk in 
the floor, at the end of the table, and are so termed from 
the colour imparted to them by the scraps of battery-iron, 
and iron-glance they contain. 

This " Schwarze," after weathering in the open air for a 
year to oxidise the iron, is roasted, mixed with poor zwitter, 
and then stamped and washed as before, giving concentrates 
known as black-ore, or " Schwarz-stein." 

Lastly, the poorer settlings, or 2nd " Gefalle," are accu- 
mulated, left to weather for four or five years, mixed with 
the 3rd " Gefalle " obtained by re-working the inferior con- 

* Much the same as a ** Sicher-trog." 
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centrates from the " Steinwage," and re-washed, yielding 
the last trace of mineral that can be profitably got out, the 
so-called tailings-ore, " Abgangs-stein." 

The bed of the tables is given an inclination of 2 to 
7i degrees, according to the fineness of the ore, which is 
worked in lots of 12 to 25 lbs., depending on its degree of 
concentration, using 3 to 5 gallons of water, and taking half 
an hour to an hour and a half to concentrate and clean. 
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CHAPTER VII. 

EXTRACTION OF BISMUTH. 

The concentrates coming from the inclined-table, when 
they contain bismuth, are collected and placed in a leaching 
tub (a). Fig. 30, 18 inches high, and 3 feet in diameter, pro- 
vided with a tap at the bottom to draw off the liquor, in 
which they are leached in quantities of 7 to 8 cwt, using 

4 gallons of raw hydrochloric acid, and frequently agitating 
them during the three days " the leach " takes to complete. 
The next step is to draw off the liquor, which is conducted 
by a gutter (a). Fig. 31, to the distributing trough (a), 
and thence to the other trays (b b b), each holding about 

5 gallons of the solution. 

The trays are then filled up with water, and are allowed 
to stand quiet for at least a day, until the chloride of bis- 
muth, precipitated by the addition of the water, has settled, 
when the superfluous liquid is tapped off, and the salt, having 
been thoroughly washed to remove any trace of acid, is 
dried and sold, or reduced to metallic bismuth, by smelting 
with lime and charcoal-powder in plumbago crucibles in the 
furnace. Fig. 32, to which the skimming-ladle. Fig. 33, 
and mould. Fig. 34, as well as the charging-scoop, Fig. 35, 
belong. 

The tendency that bismuth has to crystallise is very 
remarkable ; forming, as it does, curious step-like aggrega- 
tions of crystals, which are so to speak one within the other, 
and are obtained by allowing a solid crust to form on the 
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top of a ladleful of molten metal, piercing two or three 
holes through it, and pouring off what remains beneath. 

Crystals of large size are an indication of purity, whilst 
the presence of lead will prevent crystallisation altogether. 

The metal is melted without any further addition of 
flux a second time, before being finally cast in ingots. 
It is used in medicine, in making type, thermo-electric 
piles, solder, stereotype-plates, mosaic gold, i. e. equal parts 
of bismuth, tin, and mercury; fusible-metal, for boiler safety- 
plugs; gun-metal, bell-metal, pewter, bronze, speculum- 
metal, Britannia-metal, and for printing textile fabrics. 

The mines of the Erzgebirge are amongst the chief pro- 
ducers of bismuth, as in 1879 and 1880 they yielded 
73 tons 1200 lbs. and 72 tons 1900 lbs. respectively, valued 
at 18,627/. 3.r. 11^., equal to $90,648, and 17,507/. i6s, 3^., 
equal to $85,210, out of which, during the latter year, 
1868 lbs., worth 647/. Ss. 7^., equal to $3151, came from 
the Altenberg district. 

The ore remaining in the tubs after leaching is re- 
moved to the " tye,** and washed with 4 gallons of acid 
diluted with 90 gallons of water, so as to dissolve out any 
bismuth still left in it ; and then, having been passed once 
again over the inclined-table to get rid of any trace of acid 
remaining, is ready to go to the smelter, eight-tenths of the 
impurities it originally contained having been removed. 
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CHAPTER VIII. 



SMELTING. 



The concentrates — Com. "black-tin" — which average 50 
to 60 per cent, of tin when they leave the dressing-house, 
arc dried and sent to the metallurgical-works — Germ. 
" Hiitte "—to be smelted. . 

The ** blast furnace " — Germ. " Schmelzofen "—in which 
this is done, represented in Fig. 36, is built of stone, with a 
hearth {a) formed out of a block of granite, or felsite- 
porphyry, that has a fall of 4 inches towards the crucible or 
basin (Ji) lying outside of the breast or curtain {c\ made of 
brick. 

The crucible — Germ. " Vortiegel " — (Jb) is cut or moulded 
out of the fore-hearth — Germ. " Vorherd " — {d) composed 
of brasque.* A block of stone (/), as well as an iron 
breast-plate {g) set in front, keeping it in place ; -** whilst 
a canal " {h) underneath connects it with an. iron bowl — 
Germ. Stechherd — {k) at a lower level, which can be 
warmed by means of the fireplace (/) below it. 

The blast is supplied through a pair of twyers set in 
the opening (m), at the same inclination as the hearth- 
stone, which is not luted over in any way, and is about 
4 inches below them. 

The tap-hole in front, cut out of clay, is 4 inches high, 
i J inch wide at top, and 2 inches wide at the bottom ; 

* A cement of clay and coal-dust, composed, in this case, of rather more of 
the former than of the latter ingredient. 
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and must be a little above the " Vortieget," as the flames 
issuing from the opening might otherwise oxidise the 
metal in the bath. 

In those parts of the furnace where the heat is greatest a 
lining of felsite-porphyry, free from quartz, should be used, 
as the presence of silica, either in gneiss or porphyry, makes 
these rocks liable to fuse. 

The area of the furnace, which it will be noticed is com- 
paratively small in the neighbourhood of the twyers, and 
is contracted gradually towards the bottom, is so designed 
in order to concentrate the heat in the lower portion of the 
shaft, and to avoid "dead centres"; whilst at the same 
time the larger section, up above the zone of fusion, helps 
to diminish the tendency that the draught has to carry off 
dust. 

The batter of the back wall prevents the charge settling 
too fast, and tends to bring it properly in front of the 
twyers. 

The height of the shaft may vary between 8 and lO feet, 
and is determined by the capacity required of the furnace, 
and the amount of iron in the ore ; as a high shaft, whilst 
it shortens the length of the campaigns, induces the forma- 
tion of " bears." 

During a campaign that lasts usually three to four days, 
about 3000 to 3600 lbs. of ore, i. e. concentrates, 750 to 
1 500 lbs. of slag, 1 5 to 30 lbs. of stamped and washed resi- 
dues and alloys, such as " Ofen-bruche " and "sows," 
together with 153 to 184 bushels of pine charcoal,* are put 
through daily. 

The poorer slags from this first operation, which is 
called ore-smelting — Germ. Erz- schmelzen — are mixed with 

* Pine charcoal averages 28 lbs. per cubic foot, hence a bushel weighs about 
35 lbs. Approximately i -Ar^hs_ of a ton of charcoal is required to reduce 
one ton of ore. 

I) 
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fresh ore, and re-smelted in the next campaign ; whilst the 
richer ones are mixed with rather more charcoal than is 
required in ore-smelting, and are worked separately in the 
same furnace towards the end of the run, an operation 
known as altering the slag (Das schlacken verandern). 
When a furnace is set in blast, after the fore-hearth has been 
warmed for some hours, about 200 lbs. of ore is mixed 
with a quarter its weight of slag on the charging floor at the 
back, and is shovelled through the door in the upper part of 
the shaft on the top of the charcoal, with which the furnace 
is first filled, to start it going. From this period onwards to 
the end of the campaign, as the charge is gradually but con- 
stantly sinking, about 60 lbs. of fresh ore is thrown in every 
15 to 20 minutes, with sufficient charcoal to keep the 
furnace always almost full. 

The charcoal is in lumps, that should not be larger than 
I inch X if inches, and is moistened, by being immersed in a 
water-tank, 4 ft. 6 in. square, at the back of the furnace, before 
the charge is made up, in order to make the finer particles 
of ore adhere to it, and so still further reduce the amount 
of dust carried off* by the draught ; but, as even by this 
means the escape of a certain quantity cannot be altogether 
avoided, a system of " dust chambers " in connection with 
the furnace is necessary as well. 

The top of the shaft is kept dark, and the short nose that 
is at first formed on "the twyers" afterwards disappears 
entirely, a slight loss being incurred either way, as, when the 
strength of the blast is uneven, oxidised metal is blown out 
of the tap-hole, where otherwise it goes up the shaft 

Shaft-furnaces as a class are generally inferior for smelt- 
ing tin to the reverberatories used in England, as they 
require more fuel, oxidise a larger amount of tin, and are 
less under control ; but with refractory, especially arsenical 
ores, they yield a purer product, owing to the increased 
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facilities which impurities have to be carried oflf by sublima- 
tion, or for assimilating with the slag that is produced in 
greater quantity. 

The particular type of furnace used at Altenberg is 
known as a " Spur " or " Gutter-ofen," because of its dis- 
charging continuously from the opening in front into the 
"crucible" outside, as is sometimes arranged through a 
covered canal. It has several advantages over other kinds 
of shaft furnace used for tin smelting, because, although the 
separation effected in the first instance is not so perfect 
as it might be, and the slags are in consequence excep- 
tionally rich in metal ; owing to the oxidisability of the tin, 
this disadvantage is more than counterbalanced, by the 
saving that results through removing it as quickly as 
possible out of reach of the blast. 

It also economises fuel ; but that advantage is partly 
neutralised, by the constant abstraction of heat going on 
from the interior, as the slag, metal, and other molten matter 
runs from the furnace ; whilst, owing to the reducing action 
of the gases in the shaft, when oxidised ores of iron are 
present, there is a very annoying tendency to form " sows," 
liable to contain, in addition to iron, small amounts of 
arsenic, bismuth, wolfram, and copper. 

Whilst the campaign lasts, the temperature must be kept 
at a bright yellow heat ; for if it were allowed to increase 
to white, when seen through the " tap-hole," a great loss of 
tin would be occasioned by sublimation. The molten 
material too, flowing from the furnace, should appear of a 
reddish colour, and be attended by an emanation of light- 
blue vapour, which, by becoming dark and thick, indicates 
that a higher temperature is required. 

The slag as it collects uppermost in the crucible is 
skimmed off, and thrown into the water-tank {p) at the side ; 

D 2 
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the exposed surface of the tin being at once covered with 
charcoal, to protect it from the air. 

The time that the basin, i. e. vortiegel, takes to fill, depends 
on the richness of the ore, and the facility with which it 
smelts. When a run is made on rich ore, it fills quickly, 
and sometimes gets too hot. In that case, in order to reduce 
the tin to the necessary temperature for liquation, it is ladled 
into the bowl, i. e. stech-herd, below ; where an alloy known 
as " Hartlinge " " Hartbruch," that also occasionally forms 
on the hearth or in the " Vorherd," separates out (if much 
iron is present), as the metal becomes comparatively cool. 

Since it has become the custom, however, to treat the 
concentrates with acid, to extract the " bismuth," whatever 
alloy is formed is much poorer in iron than it used to be, 
and, under the name of " Ofenbriiche," is stamped, washed, 
and returned to the furnace the next time it is in blast 
upon ore. 

In ore-smelting (erz-schmelzen) the furnace-tin — Germ. 
Werkzinn — that is left after the slag has been removed 
from the basin, when sufficient has collected, is ladled out, 
and liquated on a grooved iron refining-plate {s) at the side, 
called a " Pauschherd," which is covered with clay, and, 
after being first warmed, has a layer of glowing charcoal 
spread over it. 

This Pauschherd is 3 ft. 7 in. in length, 2 ft. 3^ in. in 
breadth, and i^ inches thick, and is inclined at an angle of 
35 degrees. The molten metal is poured from some height 
above it, on to its upper end, and percolating through the 
charcoal, in which the less fusible substances contaminating 
it remain behind, collects in the iron reservoir near its foot. 

At the end of this process, which is repeated several 
times, the charcoal is swept into a heap, and pounded with 
wooden mallets until all the tin has been got out of it, in the 
shape of " shot " and " dross," known by the various names 
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of " Zinn-korner," " Zinn-pausche," and " Saiger-dorner," 
that is treated in the operation to be presently spoken of 
known as " Schlackentreiben," whilst the residue is thrown 
away. 

The "Stechherd" is principally required at the end of the 
"ore smelting" — i. e. "Erzschmelzen," when the " Schlacken- 
verandern" process begins, as the alloy of "Hartbruche" 
or " Ofenbruche," already referred to, that is then more 
liable to form, is left behind in the " Vortiegel," bj'allowing 
the molten metal to run down into it through the con- 
necting canal. 

The slags, which are essentially ferrous silicates of a 
greyish or brownish black colour, should fly to pieces 
readily when they are thrown into water, and they usually 
contain beads and shot of metallic tin, as well as fragments 
of cassiterite. 

According to Richter's revised edition of Plattner, their 
composition would be on the average as follows : — 

Table showing the Average Composition of various Tin Slags. 
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Of the above, the first slag was rich in tin, the third good and glassy. 
The slags resulting from smelting those first obtained 
over again in the furnace. Fig. 36, " Das schlackenveran- 
dern," already described, are collected and treated sepa- 
rately at the end of a campaign by a process known as 
" refining the slag," " Das schlacken treiben," conducted in 
a slightly different furnace. Called a slag-refining furnace, 
Germ. — Schlacken treibofen (Fig. 37). 
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The chief structural differences of this latter are, that the 
shaft is not more than 6 feet high, and is broader and wider 
than that of the other, so as to minimise the tendency the 
iron has to become reduced out of the slag ; but since, in 
spite of this, " bears " will form more or less, the hearth as 
well as the fore-hearth is covered with brasque of lighter * 
quality than is used in the larger furnace, in order to prevent 
the slag sticking to it 

The shaft may also be built of less fireproof material 
than could be employed in the construction of the furnace, 
Fig. 36, as the campaigns only last a short time. 

The tap-hole, too, is of greater size, 8J inches by 2i 
inches, whilst the " twyer-nozzles " are 4^ inches above the 
hearth. 

In " slag refining," after properly warming and setting 
the oven in blast, a couple of trays,t one on each side of the 
shaft, are filled with slag, which is thrown in with about 
two-and-a-half times as much charcoal on top, in addition 
to a certain quantity of liquation dross or " Saigerdorner," 
chamber-dust — Germ. " Flugstaub," — &c., which helps to 
make the charge flow properly, and prevents its becoming too 
viscous. The blast, too, is served at an increased pressure. 
When there are yellow streaks visible in the slag running 
from the notch or " eye," — Germ. " Auge " — the temperature 
is too low, and consequently it does not run freely. 

The impure slags that accumulate and cling around 
the " eye " are returned to the furnace, whilst the cleaner 
and more siliceous ones are taken out of the crucible in 
front, chilled in water, stamped, and washed, and the grains 
and slimes resulting are subsequently put through the same 
process again. 

* The proportion of coal-dust used in its composition is increased. 

t The trays here mentioned, are each equivalent to a measure called an 
" eimer," 27 in. long, i6 in. high, and 8 in. wide, that has consequently a 
capacity =3456 cub. inches. 
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The slag-refining furnace when in blast smelts the slags 
from three campaigns on raw ore. 

The metal obtained from it, called slag-tin — Germ. 
Schlackenzinn — is ladled out of the Sump or " Vorherd " 
and liquated, yielding a marketable though more impure 
tin than that got from the earlier treatment in ore-smelting. 
See analysis No. 2, p. 41. 

For every 5 tons of black-tin reduced, about i J to 2 tons 
of slag is produced, which is re-worked as already described, 
whilst the quantity of metal obtained varies between 
300 and 400 lbs. 

In washing rich tin slags, if care is not taken, the 
metallic shot, that are the most valuable portion, are liable 
to be carried away, as they are apt to be stamped into very 
thin plates, which have a tendency to float: 

The ftartlinge obtained during the Schlackentreiben is 
so rich in iron (often containing 50 per cent.) that it has to 
be broken into lumps and roasted in " open heaps " before 
being put back again, with dross "Geschur," sweepings, 
" Gekratz," &c. . 

To cast the tin, which when refined is known by the 
name of white-metal, it is necessary that it should be of 
the proper temperature, indicated by the surface of the 
bath being bright and glassy, and of a slightly bluish tint. 

If the metal is too hot when poured, the outside of 
the bars assume rainbow tints (chiefly blue), which show 
that the tin is red-short ; if, on the contrary, it is poured 
when its temperature is too low, it becomes cold-short, 
losing its hardness, lustre, and ductility, and its surface 
then appears dull and reddish coloured 

In order to avoid these evils, small quantities are poured 
for trial, from time to time, upon a copper plate, and should 
the bath be too hot, the test-pieces, when chilled, are 
thrown back into it, until the metal is reduced to the 
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proper temperature ; whilst, if too cold, the basin must be 
kept covered with glowing charcoal until a fresh quantity of 
metal is run off the liquating-plate, giving an accession of 
heat, that allows of casting the tin into blocks or plates. 

The Saxon tin is not inferior in quality to the best 
English kinds, and since it has become the custom to treat 
the ore with acid, it contains only about i per cent of 
bismuth, though before it is refined it is contaminated with 
more or less iron, copper, arsenic, antimony, molybdenum, 
wolfram, &c, that have to be got rid of, either by liquating, 
as we have seen is the practice pursued at Altenberg, or 
else by " poling," the more ordinary method in England. 
The latter system, if in some respects superior to liquation, 
requires, however, more fuel and time, and from trials that 
have been made does not appear suitable to the German 
ores containing arsenic, traces of which always remain. 

The nature and amount of gangue exercises an im- 
portant influence on tin-smelting in shaft furnaces, as silica, 
which is most abundant in the volcanic rocks, tends to form 
a viscous slag, containing globules of metal, whilst, if iron 
or lime is used in any quantity as a flux to correct this, 
there is danger of slagging any metal that may have 
become oxidised. 

The difficulties lying in the way of the smelter are : — 

1st. The oxidisability of the tin, at the high temperature 
required for its proper reduction; the air blast further 
adding to this loss by actually driving out of the furnace 
some of the oxides that are formed. 

2nd. The presence of iron, bismuth, antimony, &c., that 
are more easily reduced than the tin, and either impurify it, 
or, by forming "bears" and other impediments, interfere 
with the action of the charge. 

3rd. The ready tendency of oxide of tin to slag and 
form a base with fluxes in the presence of iron and other 
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metals, from which it can only be separated at a high 
temperature in a reducing atmosphere, with considerable 
difficulty and loss, as already shown. 

By washing, roasting, and treatment with acid, the im- 
purities that cause trouble are, of course, partly removed 
before the ore comes into the hands of the smelter, and the 
evils spoken of under the second and third headings are 
consequently minimised, but with wolfram for instance, 
which, if in large quantity, requires a special process, such 
as Oxland's, to remove it, this cannot be done entirely, and, 
even after refining, usually small quantities of foreign 
elements are more or less present in the tin, deteriorating 
its quality. 



Table* showing the Quality of various kinds of Tin. 
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* Compiled from analyses given in Kerl's ' Huttenkunde.' 

A crystalline texture and deep depression on top of the 
bar is said to show want of purity, and the tin when chilled 
should, properly speaking, have a smooth, clean, white, and 
lustrous surface. 

Iron, of which there is usually a trace, in tin of even the 
best quality, injures its colour and lustre more or less when 
it exceeds ^ per cent., and i per cent, is sufficient to make 
it dark-short, i. e. brittle and dull, besides causing rust spots 
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to appear on its surface when exposed a long time to the 
air. 

Copper in small quantity does no harm, but above 
I per cent, it makes the tin harder and less malleable, 
whilst a larger amount increases its brittleness, deprives it 
of lustre, and when it exceeds 1 1 per cent, trebles its hard- 
ness, and gives it a perceptible tint. Its presence is very 
desirable, however, in metal used for making tinfoil for 
looking-glasses, as it prevents the mercury attacking the 
foil too readily. 

Bismuth and antimony give it a crystalline structure, and, 
when over J per cent, of either is present, injure its mallea- 
bility, even more than iron ; the former metal also renders 
it more fusible. 

Lead makes it harder, and imparts a greenish tint to it 

Arsenic, even if there is only ^ per cent, notably influ- 
ences its malleability as well as its colour and lustre, and 
when it contains above i per cent the tin becomes lighter, 
and is covered with white spots, making it in time turn 
dull, darker, dirtier-looking, and spotted. 

Zinc renders it whiter, but harder and more brittle. 

Wolfram and molybdenum in large quantity similarly 
affect it, though the tungstic acid in the former mineral is 
partly removed in smelting, by its re-combining with metallic 
iron, or attacking any of that metal there is in the slag. 

English common tin contains ^ per cent, of iron, and 
copper up to i per cent, but, when refined, any arsenic, 
lead, or copper that may have been present is removed, 
and the iron is reduced to y^ per cent. 

The loss in smelting in Saxony is from 1 3 to 15 per cent, 
of which 8 to 9 per cent, is incurred through volatilization, 
and the rest by slagging. 

Roughly speaking, Saxony produces annually about one- 
thirtieth of the amount of tin that is obtained from Cornwall. 
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Cheap wages and careful dressing enable the Altenberg 
tin to compete with that from the Cornish mines, and 
though the method of dressing the ores of this district may 
possibly at first sight appear insufficiently automatic, it 
should be recollected that a large quantity of stamp-stuff 
is required to obtain an appreciable amount of concentrates, 
whilst the loss in tailings, as well as the quantity of water 
required for washing, has to be reduced to a minimum, con- 
ditions under which it is probable, that neither a buddle, 
nor any other concentrator, can, with equal regard to 
economy, surpass the " Stossheerd " in efficiency, when it 
is properly handled, and used for the special kind of work 
adapted to it, i. e. working j?«^-sands and slimes. 

Of course, in newer works, iron tables of the Salzburger 
pattern might be substituted with great advantage for the 
wooden ones of the old type, like those at present in use, 
whilst continuous percussion-frames — Germ. Rittingerschen 
Stossheerds — would, at any rate, advantageously replace the 
nicking-buddle ; and pointed-boxes — Germ. Spitzkastens 
— the " classifiers '* that are still employed. 

It is also more than likely that a great saving could be 
effected in roasting, by adopting revolving-cylinders in 
place of the ovens, which may yet be seen in operation in 
this locality. 
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CHAPTER IX. 



ZINNWALD. 



INTRODUCTION AND GEOLOGY. 

The district of Zinnwald, which next claims description, 
lies about six miles south-east of Altenberg, on the actual 
border line between Germany and Bohemia. 

The tin mines on the Saxon side of the frontier are here 
located in a series of rocks forming an immense truncated 



Fig. 38. 





CommencemervC/ At encl/ cf 
of TThoveTnervt/. ^ruyv€m^eiU^, 

elliptical-dome of granite and greissen, Fig. 38, the top 
of which has been removed by erosion, and measures 
4460 feet along the major, and 1574 feet across the minor 
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axis of Its outcrop ; the central core being overlain on all 
sides by felsite-porphyry. 

The granite is mostly fine grained, and encloses patches 
and masses of greissen of all sizes, up to 330 feet in 
diameter, which, generally speaking, pass gradually into 
the enclosing rock, though instances are sometimes met 
with where the demarcation is sharply defined. 

The greissen itself, a granular crystalline combination of 
quartz and white lithia-mica, as in the case of the Alten- 
berg zwitter, contains here and there pockets of unaltered 
granite, that do not show any trace of ore, whilst the entire 
formation is intersected and subdivided by a series of true 
fissure veins (incorrectly termed "beds " — Germ. Flotze — by 
the miners) lying under, and more or less parallel to, one 
another, and dividing the central granitic mass into a number 
of concentric bell-shaped scales, like the inside of an onion. 

These *' beds " so-called, of which sixteen are known, are 
the most important class of ore deposits the formation con- 
tains, and dip gently towards all points * of the compass. 
They are from 4 inches to 3 feet wide, and He at varying 
distances apart, from 12 feet up to 120 feet; the space 
between them generally increasing as they gain in depth. 
They are principally filled with -wolfram, cassiterite, quartz, 
and lithia-mica, though galena, hematite, zinc-blende, tour- 
maline, apatite, heavy spar, and other minerals are also 
sometimes present, and where there happens to be "a 
druse," specimens beautifully crystallised may frequently 
be met with. 

In most instances there is no sharp distinction between 
the contents of the fissures and the country-rock that 
borders upon them ; and whilst in some cases the felspar in 
the granite that originally formed the walls has been decom- 
posed into kaolin, at other times a horn-stone has been 

* Hence the elliptical shape of the mass. 
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produced by an exactly opposite process of silicification. 
Further, it is remarkable that though the greissen contains 
tin, the granitic pockets enclosed in it are entirely free from 
all traces of ore, giving support to the idea that where por- 
tions of the formation escaped the metamorphic agencies by 
which the surrounding stone was altered, no deposition of 
mineral took place. 

The second class of deposits, to which allusion has 
already been indirectly made, consists of a separate series 
of narrow lodes, that traverse the entire mass of granite, 
dipping at a steep angle of about 65°, and preserving a 
general course running north-east by south-west 

They are mostly barren, with merely a filling of sandy, 
decomposed granite, or greissen, more rarely cassiterite, 
wolfram, mica, fluorspar, and gangue, and often " fault " 
and " throw " the so-called beds (Flotze) several feet. 

Their value lies in the marked enrichment that usually 
takes place along the lines of junction thus formed, and in 
consequence of the country rock in their neighbourhood 
having become highly impregnated with tin and wolfram* 
most probably through their influence. 

Herr Miiller calls attention to indications that exist which 
seem to point to a re-opening of these secondary fissures 
having occurred ; but shows that, whether this movement 
took place after the first class of veins had been completely 
filled or not, their contents need not necessarily under any 
circumstances be of younger origin. 

Apart from that question, however, the relative conduc- 
tivity of the different kinds of stone of which the walls of 
the fissures were composed, the smoothness or unevenness 
of their surfaces, and the openness or otherwise, as well 
as the general shape of the clefts, have doubtless all been 
instrumental in determining where the mineral should be 

* n. Miiller, Berg. u. Hiiltenm. Zeitung, 1865, p. 179. 
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deposited in greater or less abundance. The rougher por- 
tions of those rocks that were at the time of infilling the 
best conductors, or where, in other words, the most rapid 
abstraction of heat from the solutions circulating through 
them took place, being the most likely places for deposi- 
tion ; especially when a segregation of the ore and matrix 
in a crystallised state resulted from cooling and chemical 
change, rather than through the mechanical precipitation 
of material in suspension. 

The sole objection that is sometimes raised to the theories 
of La Conte and Dana, with regard to the origin of ore- 
deposits in veins, viz. how fissures of the necessary mag- 
nitude were kept sufficiently long open to admit of the 
action that is supposed, seems to me a very absurd one. 
The result of two adjacent planes of indefinite extent, being 
separated by "faulting," must in any case have caused 
sufficient dislocation to bring the unevenness on the surface 
of one wall in juxtaposition to those on the other, as shown 
in the ideal illustrations, p. 44; not to mention the 
wedging of pieces of detritus of all sizes, which, even if 
mostly reduced to the size of gravel or sand, would still 
allow water or vapours to filter through the cleft, around 
the " horses " or larger fragments, and even in the less open 
parts. 
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CHAPTER X. 



MINING. 



The principal mine of the Zinnwald district — the Vereinigt 
Zwitterfeld Fdgr — is worked by means of the Albert shaft, 
72 feet deep, which has been sunk at the end of an adit, 
coming out at the foot of the hill, that has been run at an 
angle to the outcrop of the beds (Flotze) alluded to in the 
last chapter ; these latter, owing to their slight dip, are each 
intersected by it in turn, saving the expense of driving 
through entirely dead ground, whilst affording the best 
means of exploring and working the deposits, which extend 
indefinitely on either side. 

The system of development pursued, consists in driving 
cross-cuts from the adit, wherever it cuts through a bed, 
and then working out a large irregular chamber without 
pillars, of an area depending on the quality of the roof, 
and a height in some places corresponding with, in others 
rather more than, the thickness of the pay-zone. 

The excavations thus formed, though of various sizes, are 
as may be supposed of comparatively uniform dimensions ; 
and to avoid caves, when the roof shows signs of weakness, 
a short drift is at once driven up or down the plane of the 
bed, in any convenient direction, until it is sufficiently 
advanced to make it safe to commence another chamber, 
which in its turn is made to communicate with others 
beyond. 
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In most of the chambers the roof is very smooth and 
firm, and a constant tendency, noticeable more particu- 
larly on one side of the adit, can be observed, to push 
the face of the workings systematically forward up the 
dip-slope. 

Geolt^cal sections of great interest may be met with in 
the workings ; one. Fig. 39, that particularly drew my 
attention, is characteristic. 




Fig. 39. 



It shows admirably the general ribbon-structure of "the 
beds"; consisting, as may be seen, of streaks of "pay" 
(a a), alternating with parallel layers of barren vein-matter, 
or country rock: whilst underneath "the greissen" (B), that 
passes into granite (e) and forms the roof, there is a soft 
white decomposed layer of kaolin (G), separated from the 
filling of the vein by thick lenticular tufts of green mica 
(chlorite) (h) interbedded with very large and perfect crystals 
of wolfram and quartz, the latter mineral frequently occurring 
" capped." 

The lodes, "Gangs," or Klufts, which belong to the 
second class of ore deposits, as already said, often produce, 
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• 

a marked enrichment of the beds (" Flotze ") along their line 
of junction with these latter ; and dipping as they do almost 
perpendicularly, "winzes" are usually sunk at points along 
them, whenever it is necessary to form a connection between 
different beds, since by that means any existing intermediate 
pockets can be thoroughly explored. 
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CHAPTER XI. 

TIN-DRESSING. 

The methods as well as the machinery employed to dress 
tin at Zinnwald may be dismissed in a few words. 

The ore from the Zwitterfeld mine carries from two-fifths 
to four-fifths per cent of tin, and is associated with little if 
any bismuth or molybdenum, whilst it is intermixed with 
an extraordinary amount of wolfram which it is the chief 
object to save ; and as the output of tin from these works 
is comparatively limited, the system of dressing differs but 
slightly from that at Altenberg. 

The first step is to sort "the pay" from "the waste" or 
"deads" at the working-faces, as the latter are used for 
walling and filling underground. 

The ore is then raised to the surface, and goes to the 
" sorting-ground," where it is picked over by hand, broken 
or spalled to the proper size, and divided into two separate 
classes, ist, tin-ore, and 2nd, wolfram-ore,* which can be 
easily done, owing to the mode of occurrence of the crystals 
of the latter mineral ; each sort going to an entirely separate 
building for subsequent concentration. 

The " Zinn-washe," or tin-dressing floors, have a plant of 

* Through the kindness of Herr Bachmann, of Altenberg, I am able to state 

that latterly ** wire sieves " have been employed to separate the coarse (Stuck- 

wolfram) from the finer grades of ore, as the former can be more profitably 

jigged (separately), than treated with what passes the 'sieves, which is stamped 

and washed as hereafter described. 

2 E 
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stamps, 3 end-percussion tables, i tye, i inclined table, and 
6 settling-tanks. 

The battery-sands and slimes, coming from the stamps, 
are caught in the settling-tanks, which sort and partially 
concentrate them into three separate classes, coarse, 
medium, and fine ; and permit anything that still floats, 
after passing through the boxes, to escape to catch-pits 
outside, where a gradual accumulation of " slimes " goes on. 

Each grade of settlings is then worked separately, two or 
more times, on one of the end-percussion tables ; and after 
having been washed in "the tye," the concentrates are 
finally cleaned on the inclined table (see Dressing-tree, 
Zinnwald) till they average 70 to 75 per cent of tin. 

They are now ready to be sent to "the smelter"* at 
Altenberg, where they are dealt with exactly in the same 
way as already detailed in the description of the process 
followed there. 

* A term here applied to roasting and smelting-works. 
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CHAPTER XII. 

TREATMENT OF WOLFRAM. 

The ore of the second class, consisting of wolfram in a 
siliceous gangue, associated with mica, goes to a building, 
Fig. 40, containing a plant of 8 stamps, space being reserved 
for 16 more* if needed later, 2 shaking-tables, i tye, i 
inclined-table, and 3 " four-compartment settling tanks," or 
boxes. 

None of this machinery differs materially in size or 
construction from that at Altenberg, except as regards the 
dimensions of " the tanks " and " tye." The former (h). 
Fig. 40, being 23 ft 5 in. long, is composed of four boxes 
measuring respectively 44 inches,t 42^ inches, 7 ft. 10 in., 
and 8 ft 5 in. in length, 19^ inches in depth, and 26 inches 
in breadth; whilst the latter (p) is 16 ft 10 in. long, 
15 inches broad, 16 inches deep, and has an inclination of 
about 4°. 

The larger and more valuable portion of the sands and 
slimes from the batteries are caught in the tanks, whilst the 
lighter and poorer ones settle in catch-pits outside, from 
which they are dug out and worked after they have accumu- 
lated for some weeks. 

In this way four classes of settlings are obtained : the 

* I understand that since I visited these works in 1879, thenumber of stamps 
has been increased ; and hand-jigs, '*hand Setz-maschinen," have been added 
for the reasons given in a previous foot-note. 

t These first tanks (44 inches long) have inclined bottoms, 
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1st, coarse or rosche, comes from the first boxes; the 
2ncl, middle or zahe, from the second boxes ; the 3rd, slime, 
consists of the combined settlings in the third and fourth 
sets of tanks ; whilst the 4th is what collects in the pits. 

Of these classes, the ist and 2nd are worked separately 
on one of the percussion-tables, whilst the 3rd and 4th 
are washed on the other, each yielding headings, poor con- 
centrates, and tailings by the first washing, which is repeated 
on the headings and middles, giving finally a considerable 
quantity of rich concentrates, with some sands, and tailings. 
See Zinnwald Dressing-tree. 

Finally the rich concentrates are washed twice in the tye 
or " Schlamme graben," and once on the inclined-table ; and 
the resulting product, after being put in a strong wooden 
tub* (k), Figs. 30 and 40, 27^ inches in diameter, and 
28 inches deep, is beaten on the sides with clubs till the 
wolfram settles to the bottom, is taken out,- dried, packed 
in iron-bound barrels holding 500 lbs. each, and sold for the 
manufacture of tungstate of soda, and tungstate of baryta, 
both extensively used in the arts, the former as a mordant 
in calico-printing and for rendering muslins uninflammable, 
the latter as a substitute for white-lead ; whilst wolfram 
itself is employed in making Mushet-steel, which is exces- 
sively hard, and fetches a high price for making turning 
tools, and for various other purposes. 

The Zinnwald works, according to Kerl, produced 5 tons 
of wolfram in i860, that sold at about the present price, 
for sfl. ikr.,t equal to 8^. io<3f., or $2^ per centner J (100 
lbs.), whilst in 1879 the total production of the whole of 
Saxony was 27 tons 600 lbs., the Zwitterfeld mill con- 
tributing the entire quantity, an amount still further 

♦ A kind of ** tossing-tub." f A florin = a gulden=39'i2 cents. 
X This represents 8/. 16s, &/. per ton of 2000 lbs. 
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exceeded in 1880, when 32 tons 300 lbs. were produced, 
which realised 299/. i is. sd. 

The table-sands also, being almost pure silica, form a 
marketable product, which amounted to about 254 tons 
in 1880, fetching 13^. 3d, or $3^-2 per ton ; whilst the 
tailings from " the tables," joining those coming from the 
settling tanks, go to catch-pits in the open air. 

Fortunately a hand-sorting of the wolfram is possible in 
the first instance, otherwise the tin ore would have to be 
roasted either with common soda or sulphate,* to form a 
soluble tungstate of soda, as is done in Oxland's process, 
before subjecting it to a second washing, with a view to 
separate the one mineral from the other. 

♦ Glauber's salt. 
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CHAPTER XIII. 
ABERTHAM. 



INTRODUCTION AND GEOLOGY. 

The district of Abertham, in Bohemia, where tin is said 
to have been discovered by a Cornish miner in the 
fifteenth century, is situated a few miles south-east of 
Johanngeorgenstadt, a town on the confines of Saxony. 

The mines, with a description of which I shall con- 
clude this subject, have been alternately in the hands of 
English and German proprietors, who have each in turn 
partly remodelled the work of their predecessors — a circum- 
stance that sufficiently accounts for features which strike 
one at first-sight as being scarcely in strict accordance with 
the system one expects to find in a mine abroad. 

The principal "ore deposits" are contained in a lode 
running through a granitic formation ; but some mineral 
is also obtained from stockworks. The lode, which is 
30 feet wide in places, and has an almost perpendicular 
dip, IS intersected by several cross-courses. It has been 
opened up by a tunnel driven along it to meet a shaft, sunk 
205 feet or 40 lachters from the surface, to the point where 
they join, and thence continued 51 feet or 10 lachters 
deeper.* 

* This description, as well as that which follows, must be understood to 
apply to the condition of things existing about four years ago, and takes no 
account of any subsequent developments. 
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In parts of the workings one often finds the entire width 
of ledge-matter "gutted" to a considerable height and 
depth (a gunniss *) by working across the vein from side to 
side, and then " stoping " the ore out, either over-hand or 
under-hand, or by combining both systems, whilst in other 
places stopes may still be seen open that have been run 
up or down, sometimes both ways, to wojk out a pay-shoot, 
existing by the side of a level from which they start The 
workmen employed in removing " the backs," standing, of 
course, on temporary wooden staging. 

In the tunnel, flat track-iron, laid on wooden " stringers," 
is used in place of the iron T-rails commonly seen in the 
car-ways of most continental mines. 

The ore, which probably will average 3 to 3^ per cent, of 
tin, is separated underground from waste, and carried for 
treatment to the neighbouring mill. Fig. 41. 

* A gunnie is really only a Cornish term for a yard. 
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CHAPTER XIV. 

ORE-DRESSING. 

The works, Fig. 41, are supplied with power by a water- 
wheel A, as well as by a small 4 horse-power engine (b), and 
contain, besides a plant of 8 stamps in two batteries, a set 
of pointed boxes — Germ. Spitz-kasten — 4 end-percussion 
tables, 4 continuous side-percussion tables, and a complete 
series of settling-tanks as well as dissolving-vats and a 
steam-boiler. 

The stamps (c c) weighing 500 lbs. each, and standing in 
two batteries of the Cornish type. Fig. 42, were formerly 
made with their stems and head all in one piece ;* but the 
arrangement was found to cause such frequent breakages 
and waste of iron, that their stems are now tapered and 
wedged on in the American way — a decided improvement 
on the old plan, though they are still unprovided with a 
separate shoe, as they ought to be. 

They are run at sixty drops a minute, with a fall of 
10 to 1 1 inches, and the screens {a, a, a, a), Fig. 42, made of 
wires crossing each other diagonally 2 millimeters apart, 
measure 6 inches by 1 1 inches, and are 4 inches above the 
bed ; they are placed one at each end, as well as back and 
front of the coffer (a), Fig. 42, and are protected by iron 
bars {by by b\ bolted on to wooden chocks (^, r, c). 

The "battery-bed," 24- inches deep, is made of stamped 
" wacke " and in front of the coffers, which stand 3 to 4 feet 
apart, and are boarded in on top (d), Fig. 42, there is a sloping 
platform of tongued and grooved boards (d), Fig. 41, over 
which the battery slimes pass to a trough (e) that conducts 
them to the " pointed boxes " (f). 
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These boxes, four in number, which I shall distinguish as 
1st 2nd, 3rd, and 4th, are shaped like inverted pyramids; 
they measure respectively, though out of ordinary rule, 
6 inches by 12 inches, g inches by 14 inches, 14 inches by 
15 inches, and iS inches by 20 inches, and are, it appears, 
designed to sort and separate S to 10 cubic feet of battery 

■ slimes per minute. 
The first of the series, which is 8 inches deep, is supplied 
with clear water through a slit ^ inch high and 12 inches 
broad, at the end of the gutter (h), Fig. 41, that opens 
immediately underneath the trough (e). The discharge 

Pfrom them being conducted through gutters (a', ^ to a 
system of tanks (G G), Fig, 43, in two separate series 
(fl and (S), where the best portion settles. That from the 
1st and 2nd box being delivered to series a, whilst that 
from the 3rd and 4th goes to ,8. 
^^^ Each series consists of two settling-tanks, with inclined 

^^H bottoms — Germ. Gefalle — and seven ordinary tanks — Germ. 
^^H Graben — forming nine compartments in all, of which the 
first six are side by side, and are emptied and filled alter- 
nately by opening or shutting the gates (a or a', b or b'), 
whilst the last three of both sets are arranged in a row, and 

I are common to either the one side or the other that happens 
to be filling in the series to which they belong ; their 
united overflow being finally discharged into the last and 
largest tank (K) of the whole system, that connects by 
means of the gutter (k), with settling-pits outside. The 
dimensions of the tanks are as follows ; — 
L« 
Bn 
Dq 



I Breadth. 
I Depih .. 



(G^S^L) 
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The bottom of the Gefalle is inclined at an angle 

of 12°. 

With this arrangement of tanks one gets two complete 
series of " settlings," and as those of a are naturally of 
greater relative sp. gr. than those of /8 (in consequence of 
the latter being throughout of finer grade), each lot is 
worked separately, though otherwise in exactly the same 
manner. 

Each series of tank-products may further be divided for 
the sake of distinction into three classes — viz. Class I. 
Coarse-headings or Rosch-hauptel, a and )8, consisting of 
settlings from the inclined-tanks; Class II. Middle products 
or Mittlere-graben, a and /8, from the ist and 2nd pairs 
of tanks ; and Class III, Slimes or Schlamme, from the 
others that are worked each apart on end-percussion 
tables, see " Tree " of ore-dressing at Abertham — similar 
in pattern to the tables at Altenberg previously described. 

Now, as any one who is at all acquainted with the 
German system of ore-dressing must be aware, in order to 
work these tables with any degree of success, it is essential 
that certain regulations, according to the class and character 
of the ore undergoing treatment, should be carefully 
attended to ; but as the principles on which this depends 
and the means by which an intelligent workman judges of 
the need for as well as the nature of a requisite change and 
readjustment, are possibly not quite so well understood, I 
shall digress for a few moments from the direct subject of 
this paper to touch upon a matter that I think is one of 
considerable interest and importance. 

The separation effected on " tables," whether they are of 
the percussive or stationary type, depends chiefly on the 
action that a shallow current of water exercises upon 
separate particles of ore of equal weight, but unequal 
bulk, which, in order to fulfil the last-named conditions. 
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' must have been previously sorted in settling-tanks, pointed- 
boxes, or other classifying devices that separate according 
to differences in specific gravity. 

I For, to take the simpler case, it will be readily seen, that 
Jf two particles, one of quartz, the other of cassiterite, of 
equal weight, are placed side by side on a plane surface, like 
the bed of an ordinary table, in a shallow down-flowing 
stream of water, owing to the larger surface the former 
necessarily exposes to the action of the current, it will be 
kept constantly moving lower downwards, whilst the latter 
remains in its original position, providing that a proper in- 
clination is given to the bed, so that the power of " gravity " 
and the current combined are neither too strong nor too 
weak when compared with the absolute weight and amount 
of friction opposed to them, as in the one case, both par- 
ticles would be swept away together, whilst, in the other, 
^^neither of them would be moved at all, 
^^H There are other factors, however, which influence the 
^^Buestion when the force of percussion is introduced as well. 
First, there is the natural inclination which the heavier 
grains that are of sufficiently small size have to sink at 
once when the water momentarily deepens under the influ- 
ence of the blow the table receives in failing back ; and, in 
the second place, the direct action of the shock itself, that 
tends to settle the heavier minerals near the head of the 
bed, and even to make them work upwards against the 
current. 

IThe necessity of giving the table a proper inclination, 
fhich is done by lengthening or shortening the chains at its 
'oot, must manifestly, from what has just been said, be of 
the first importance, and it may be laid down as a general 
rule, that the lighter one ore is, as compared with another, 
t he greater should the angle be that the bed makes with 
^^bie horizontal, whilst the absolute weight of the mineral has 
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a yet greater influence than its specific gravity, a coarse 
grade of ore requiring more fall than a fine one. 

To illustrate this, take for example a galena ore, and one 
carrying tin, both of the same grade : the former, being rela- 
tively the heaviest, would require the most inclination ; but, 
if a coarser grade of the latter stuff had to be treated, the 
bed might have to be set at a still greater angle before 
proper work could be expected or done. 

Again, we have to consider the effect on the working 
results, not only of the amount of water employed to bene- 
ficiate an ore under given conditions as well as the pro- 
portion of solid particles in the pulp, but also the state in 
which the pulp is, and the manner of distributing it. 

As regards the quantity of water used per minute, it 
must obviously not be in excess of a certain amount, for if 
its depth should exceed proper limits, a sorting action de- 
positing grains of the same absolute weight together would 
inevitably take place, upsetting and destroying the very 
purpose of the table ; still the opposite extreme of using 
too little is not less to be avoided, as in that case the 
current would lack strength, whilst it will be equally 
apparent that, in order to obtain an even and constant 
flow, the actual quantity requisite for working a coarse ore 
must be greater than when dealing with a fine one. 

The relative proportions of ore and water in the pulp is 
subject to quite another consideration — viz. that if "the 
slimes " are allowed to become too " dark " — i. e. contain too 
large a quantity of ore grains per cubic foot of water, it 
would impede and interfere with the free action of the 
current on each individual grain. 

In connection with the condition of the pulp undergoing 
treatment and its proper distribution, attention must be paid 
that no straw, shavings, or chips are permitted to get into 
the ore-box — Germ. Mehlkasten — (d), Fig. 9, as they would 
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jeriously interfere with the smooth settlement of the bed, 
fc'which should be prevented by stopping them on a grating 
Pliefore they reach the pegging-board (e), Fig. 9. Any 
large, uneven grains of ore that might form inequalities or 
furrows on the surface, being caught by a sieve in the box 
specially provided for the purpose. 

As the finer grades of settlings worked on the tables are 
also more tenacious than the coarser ores, they usually 
require a tcazer or agitator — Germ, Ruhr-gump — to mix 
them properly with water, an operation that otherwise would 
be generally performed by merely stirring the pulp in the 
ore-box with a pole, special care being taken to see that it 
does not vary in consistency during any one run of ore, 
whilst the pegging-board must be so adjusted as to dis- 
tribute the material evenly across its entire breadth, and in 
such a way that it may fall from not too great a height 
upon the head of the table, like rain just after a heavy 
shower running off the eaves of a house. 

The influence that the character and quality or timbre of 
the blow exercises on the work, as it may vary greatly, and 
is the distinctive feature of the class of tables now specially 
under consideration, though dealt with last, is by no means 
the least important of the several points to be kept in view. 
It is ruled ist, by the rapidity of succession with which 
the blows of the tappet- rod {y), Fig, 9, succeed each 
other; 2ndly, by the length of stroke the rod makes; 
3rdly, by the initial velocity of the rod's motion from the 
moment of impact to its termination forward ; 4thly, by an 
instant of rest at the end of the stroke; Sthly, by the 

I force of the sudden blow at the end of the return ; and 
6thly, by the timbre of the shock itself received on falling 
against the anvil-block, 
Taking them in order, let us see upon what each of these 
^justments depend 
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First, as regards the rate of revolution of the cam- 
shaft (which is subject to the power of the motor and its 
management), since when its speed remained unchanged, 
the rapidity with which the blows given to the table succeed 
each other must be in inverse ratio to the length of stroke 
of the tappet-rod, as will be evident from what follows, 
it must of necessity be driven faster when dealing with a 
coarse ore than with a fine ore. 

Under the second and third headings we have to consider 
the amount and the velocity of movement of the tappet- 
rod, which may be looked upon practically as one, because, 
as the rate of revolution of the driving-shaft is ordinarily 
pretty constant, the rapidity of the motion imparted to the 
rod is generally dependent upon and in direct proportion 
to the length of its stroke. 

In regard to these particulars then, it can be laid down 
as an axiom, that the finer the grade of ore, the shorter 
the thrust and less rapid the initial motion of the rod 
should be, as the swing of the table requires to be adjusted, 
so as to be neither more nor less than suflScient to shake off 
the lighter particles of ore, without needlessly disturbing 
the heavier ones, that are kept in place by their inertia. 

The fourth and next condition that influences the result — 
viz. the period of rest after the stroke, which lasts, perhaps, 
a second, has the effect of allowing the ore to settle before 
it is affected by the impulse of the return, and results as a 
consequence of the shape of the cam, which, even when 
designed upon the epicycloidal lines familiar in the con- 
struction of toothed wheels, is susceptible of this irregu- 
larity, owing to the position of the tappet-bar (v), Fig. 9, 
and its curved extremity. 

In the fifth place, there is the strength of the blow, or, in 
other words, the momentum imparted to the frame in 
swinging back, that has to be calculated for, which, with a 
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given length of stroke (the difference in weight of the table 
under varying loads being disregarded), is regulated by the 
tension of the chains the frame is hung upon; the action 
induced having the tendency to drive each separate grain 
backwards in direct proportion to the Sp. gr. of the minerals 
composing the ore, and tlie force of the concussion, when 
the resistance offered by the water-current, friction, and the 
inclination of the surface of the bed, is not too great to be 
overcome ; which more or less depends upon the size of the 
grade of material undergoing treatment, the relative weight 
of its component minerals, and the degree to which the 
ore has been already concentrated. 

A coarse ore for instance, or one in which there is a 
marked difference in specific gravity between good and 
waste, requiring more tension than a fine one, or another in 
which the different minerals do not readily separate, owing 
to an equality in their relative weights. 

The tension is consequently usually less during the final 
concentration, than during the preliminary treatment of a 
product. 

tThe chains regulating the tension — Germ. Spannketten — 
those the head of the frame is suspended from ; and 
heir action will, I think, be clear from the subjoined 
diagrams. Figs. 44 and 45 ; for it will be apparent that with 
a given length of chain, a b, whilst the thrust c rf remains the 
same in both cases, in describing an arc b d, with a tension b k. 
Fig. 44, the table falls through a greater vertical height k k, 
than when with a tension b e, in following an arc, b d. Fig. 45, 
it travels through a space equivalent to a drop from /to e. 
The momentum of the blow being relatively more or less 
(if the tension and thrust are not altered), according as ab 
is short or long, as I have endeavoured to represent, by the 
extension of a principle illustrated in Gaetzmann's 
ifbereitung. by Diagrams 46 and 47, where, though c d, b' k\ 
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and Ve' are similar to the corresponding lengths in Figs. 44 
and 45, owing to d b' being shorter than a, b, h\ k\ ^Xi^fy ^, 
are longer, and therefore represent greater moments than do 
//, ky and/, e. 

Sixth and lastly, the blow itself may be either of an 
elastic or inelastic character ; the effect of which will be 
discussed under the next head. 



Fig. 44.. 




Fig.45. 
a/ 



Fig. 46, 

a/ 





Fig .47. 




Indications upon which the Management of a Table* depends. 

A table, working properly, should be covered with a 
number of transverse waves, their crests being further 
apart the finer the grade of ore that is undergoing treat- 
ment happens to be, and which will be seen following one 
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after the other, with more or less rapidity, in regular order, 
from the head to the foot of the bed, where the tailings are 
thrown off across the entire width in an even stream. It 
will be observed, too, that the larger waves near the head 
of the table appear, so to speak, to catch up and merge into 
those ahead when about half-way down. Moreover when 
the water between the waves is free from the dark flocculent 
turbid appearance, generally seen in front of them (owing 
to the lighter ore-particles being accumulated and carried 
all along together), longitudinal ripples may sometimes be 
noticed on the surface as well. 

Should the waves run diagonally, so as to break upon 
the sides of the frame, the table requires to be levelled 
transversely (by means of turn-buckles attached to the 
chains it is hung upon), for it shows that one side is higher 
than it ought to be. See Fig. 48 (an exaggerated case). 

^- — =^ 

fig. 48. 

The deposit that collects on the table to a thickness of 
about 8 inches near the head, diminishes gradually in 
depth towards the foot, and must be more or less solid and 
compact ; it should have a perfectly smooth surface, free 
from all hummocks, hollows, or furrows, and a cross-section 
through it should show an even series of horizontal and 
parallel stratifications, though if exposed longitudinally it 
would be found to be really wedge-shaped. 

When the ore that has accumulated at the top is in- 
compact and only partly clean, it indicates that the tension 
given the table was too great, whilst its inclination was too 
little, and that more water, or in greater probability less ore, 
was needed in the slimes. If, however, it is a case of the 
whole deposit being too thinly distributed, or of a cross- 

F 2 
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furrow having been formed at the upper end of the bed, 
it proves the inclination of the table to have been too 
great, or its tension too slight ; while the ore was possibly 
in smaller proportion than it should have been, as compared 
with the quantity of water used to thin it. 

A hummocky top, in which ridges of ore are seen run- 
ning crossways, denotes a sudden alteration having taken 
place in the normal condition of things, brought about 
either by suddenly lengthening the stroke, or increasing 
the number and intensity of the blows the table has been 
previously receiving, which may induce a movement tending 
to force an upper layer of settlings back against the head- 
board (over the heavier ones beneath), resulting of course in 
a local disruption of the bed, which causes the upper part to 
buckle ; or it may be due to the proportion of ore and water 
in the feed altering, to a sudden change of inclination, or to 
excessive smoothness of table surface. 

Such inequalities can fortunately be effaced when they 
first 5how themselves by a judicious use of the levelling 
scraper, or " Kiste" ; and if the table is afterwards handled 
properly, they will entirely disappear. But should they be 
allowed, through inattention, to grow to a large size, there is 
no alternative left but to break up the bed, and work it over 
again. 

Large longitudinal furrows point to a general incompact- 
ness in the deposition of the ore, and may follow from 
working witfi too dark a slime, or too slight a tension ; but 
small ones appearing near the foot of the frame — mostly 
seen when a coarse grade of ore is being operated upon — 
are generally merely the result of the concussion communi- 
cated by a rigid cushioning-block — Germ. Prellstock — and 
far from showing any defective action, are rather to be 
desired than otherwise, indicating, as they generally do, a 
loose deposition of the material in the loiver portion of the 
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bed, that follows from excessive evenness of size and the 
absence of fine particles, which, hy having settled above, 
leave interstices that prevent the ore below from binding 
into a compact mass. 

Still, even furrows of the latter kind must be checked in 
their growth, should they show signs of extending toofsLr up 
towards the head of the table, as can always be done by 
increasing the tension. 

A tendency may also sometimes be observed for the ore 
to collect in a greater or less degree in the middle than at 
the sides of the bed, owing to a faulty adjustment of the 
pegging-board, which must be remedied, by re-setting it, so 
as to give a more even distribution of the slimes. 

Another most faithful index of the condition of things is 
afforded by a series of thin dark longitudinal lines, the 
so-called "strings" — Germ. Schnuren — that can often* be 
noticed, starting into view on the surface of the water just 
at the instant that the table quivers from the shock it 
receives ; for when everything is working as it ought to 
do, they should be seen commencing at a little distance 
from the top of the bed and ending a little way from the 
end, where they are gradually lost sight of. 

If, on the contrary, they commence too high up, some- 
thing is wrong, and either the gradient of the table, or the 
delivery of slimes, requires to be increased ; whilst if they 
are too thick and continue too low down, ore is being carried 
away, which can follow either from excessive inclination 
or tension, or from the blows the frame receives being too 
light, at the same time that the ore delivered upon it is 
insufficiently thinned with water. 

When the "Schnurs" are very short and disappear 
suddenly, reappearing intermittently, the blows are too 
weak and the angle of fall is too little ; whilst should the 

* Rarely visible when a verjf coarse or very fine ore is being dressed. 
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On a newly phthked frame, a bodilv moveiiiezit of die 
whole deposit not unfreqaently takes place, doe to insuffi- 
cient adhesion of the material to the Soorii^. 

Again, should it be found as a general rule that after 
cleaning a charge, the settlings on the lower half of the bed 
are so poor as not to be (^ any value, the table may be 
unnecessarily long, though in any case the concentrates 
must not be expected to reach ^utf^ to the end. 

The shock, too, received in falling back, as previously 
mentioned, may be either of a rigid or elastic character, 
depending on the construction of the cushioning-block, 
which is of material importance, as the nature of the one 
kind of rebound exercises quite a different sort of effect 
to the other. An inelastic blow, as it packs the settlings 
less compactly, and therefore allows them to be more easily 
removed, though it limits the depth deposited to about 
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4 inches, is best for fine classes of ore ; whilst an elastic 
shock, as it requires less power to drive '* the table," and 
will admit of a thicker deposit and also a heavier blow, is 
generally thought the most suitable for the coarser grades. 

The tailings ought to be frequently tested with ** a pan," 
and in the earlier washings should show but a trace of the 
heavier minerals in the ore. Mere rule-of-thumb work 
never pays, and the value of both the concentrates and 
tailings should be most carefully ascertained, when any 
doubt exists in dealing with a strange ore, whether certain 
grades can be profitably re-worked or not. An intelligent 
comprehension of the capacity and functions of the various 
machines, as well as careful control being equally indispen- 
sable to success in all dressing operations, as there is a 
certain standard that varies in different cases, beyond which 
no advantage or profit can be gained, but that if fallen short 
of, is just as fatal to proper economy and success. 

Returning now to the point where I left off the descrip- 
tion of the mill at Abertham, one finds that the coarse 
headings belonging to Class I., as already incidentally men- 
tioned, are worked by themselves on one of the ordinary 
percussion-tables (P P), Fig. 41, which yields so-called 
" Ober-schaufel," " Mittel-schaufel," and "Abgang." 

The " Ober-schaufel," when there is sufficient collected, 
is concentrated on side-percussion tables of the Rittinger 
pattern (M m). Fig. 41 (built with wooden frames, Fig. 49) ; 
whilst the " Mittel-schaufel " is re-worked, giving more 
" Ober-schaufel," that is treated the same way as the 
first lot. 

The Abfluth is worthless (see Dressing-tree). 

The middle products, or " Mittlere-graben," from the 
tanks belonging to Class II., are treated on a separate end- 
percussion table, and give just the same products as those 
obtained in the preliminary treatment of Class I. ; but the 
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" Mittel-schaufel " in this case is usually mixed with some 
fresh ore from the Mittlere Grabens before undergoing a 
second washing, that gives an " Obere-schaufel," worked 
like " Ober-schaufel " on a side-percussion table, a middle- 
stuff, or "Mittlere-schaufel," which is re-washed like "Mittel- 
schaufel " and waste. 

The slimes from the tanks in Class III., after four or five 
cleanings on the ordinary tables, yield a " Schaufel," which 
goes to the roasting-furnace, and thence direct to the acid 
tanks. 

The Ober and Obere " Schaufels " accumulated from the 
different sources mentioned are fed separately by means 
of revolving feeders — Germ. Drehscheibes — (t), which 
take the place of agitators or " Ruhr gumps " to the 
double-continuous side-percussion tables (m M M m). Fig. 41, 
which are driven apart from the rest of the machinery by 
the steam-engine (b), and give an " Ober-erz," " Unter-erz," 
and Abfluth by the first washing. 

Of these products the " Ober-erz " is sent to the roasting- 
house, whilst the "Unter-erz" is re-worked on an end-percus- 
sion table, yielding ist another ** Obere-schaufel " that is 
returned to one of the continuous tables, and, 2nd, a " Mit- 
lere-schaufel " that goes back to an ordinary table, which 
finally gives a further quantity of " Obere-shaufel," sent to 
the Rittinger-table ; and some more " Mittlere-schaufel," 
that is mixed and re-worked with the next lot of ore. 

The washing of these last " Obere-schaufels " on the 
Rittinger yields " Obere-erz," " Mittlere-erz," and "Abfluth," 
of which the " Obere-erz " goes to the roasting furnace, and 
from thence to tanks (v), Fig. 41, for treatment with acid ; 
whilst the " Unter-erz " is . mixed with the " Mittlere- 
schaufel " resulting from the last washing on the ordinary 
table, to which it is likewise returned (see Dressing-tree). 

In the Abertham mill the end-percussion tables have 
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a rounded head like Fig. 1 1, which is considered in some 
respects to be preferable to the sloping form, Fig. lo, that 
is perhaps the most common. 

A general idea of the construction of the Rittinger will be 
gathered from Fig. 49 ; but as the scope of this pamphlet 
will not admit of it, I do not here propose treating the 
subject with any detail, beyond furnishing a few particulars 
in " the explanation of the plates." It will suffice to say, 
that experience in this neighbourhood seems to give the 
preference to a wooden bed, made of 6-inch boards of maple, 
running crossways, carefully joined and rabbeted, and 
fastened with wooden pins to a flooring of soft boards 
underneath, set at right angles to the ones above; from 
which they are divided by a sheet of well-stretched and 
tarred sail-cloth. 

The working surface, that has an area of 8 feet by 
8 feet, forming a double table, has to be carefully planed, 
and smoothed with pumice after being put together, and is 
slightly charred with a weak solution of acid, in order as far 
as possible to prevent the ore-particles from sliding upon it, 
in opposition to the legitimate forces that should control 
their motion. 

It is worthy of remark, too, that the nature of the blow 
the side-shaking table receives when it hits the striking- 
block, is sharp, quick, and decisive ; and must be free from 
all tendency to rebound, rest an instant, or quiver, that are 
distinguishing features in a table with an end shock. 

Further, my own experience leads me to believe, that a 
particularly essential point in operating the Rittinger and 
other such concentrators successfully is to ensure as far as 
possible the most absolute unvarying regularity of motion 
when dealing with any one class of ore, as the effect of 
sudden changes of speed, such as frequently occur when 
varying loads are thrown upon the ordinary driving 




of a mill, makes itself at once apparent in the 

V le. Consequently, unless the motor employed is 

ea with a most sensitive governor or automatic cut-off, 

es of this sort have not got a fair chance, a fact that 

ibtless account for the apparent prejudice one some- 

5 Js expressed against them. 

I e the best work, you should, so far as I have 

;n a step further, as is done at Abertham, and, 

iDle, drive them by s ate power designed for 

alone, employiufj eitti a small well-regulated 

le or a water-wheel ; :ia!ly controlled. 

, cunalion given the le-tables in this mill is 

to 6 degrees. They ai run at 70 to So blows 

a stroke of i^ ii ches to l| inches, and 

of about 10 tons in 24 hours. 

■ of clear water is so proportioned in both 

divisions as to be greatest furthest away from the point 

upon which the delivery of slimes take place, i. e. in the 

corner on the opposite side to the striking-block, otherwise 

the curved lines of ore would be liable to get confused and 

mixed with the waste. 

The roasted " Ober-erz " — Germ. Guter-erz — obtained as 
before explained, in the different stages of dressing, is put 
in tubs (vvv). Fig. 41, 2 feet high, and 3 ft 7 in. in 
diameter, that are filled to within 8 or 9 inches of the 
top with the ore, upon which crude hydrochloric acid is 
poured till the space is nearly full. After standing in that 
condition for several days, during the course of which the 
contents of the tubs are occasionally agitated with a stick, 
the liquor, that now looks almost black (from the iron and 
other impurities it has taken up), is drawn off ; whilst the 
leach, that by this time has assumed a light yellowish 
colour, after being cleansed with clean water and washed 
once on a side-shaking table, is sent to the smelter. 
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The "Schaufel" obtained from the end-percussion frames 
working the slimes belonging to Class III. is treated 
exactly ^the same as above, only that instead of fresh acid 
being used, it is leached with what has been already once 
used upon " Ober-erz." 

The last washing on the Rittinger, after treatment with 
acid, gives headings of tolerably pure and concentrated ore, 
sent to the smelting-works, and waste, consisting of the 
lighter impurities, &c., that is thrown away. 
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CHAPTER XV. 

SMELTING. 

The metallurgical treatment of the ore presents no special 
features of difference, except in the refining, from the course 
followed at Altenberg, and may therefore be described in a 
few words. 

The smelter (l). Fig. 41, is next the stamp-house, and 
contains a dry-stamp battery, an ordinary reverberatory 
roasting-oven, a Hquating-fumace, and one shaft furnace. 
This last is 7 feet high, and measures 12 inches in breadth 
at the back, 18 inches in breadth in front, and 16 inches in 
depth from breast to back at the level of the hearth, which 
has a fall of about 3 inches forward. 

The blast is supplied by a 2 ft. 6 in. rotatory fan blower 
through a single 2-inch twyer, inclined downwards, that 
enters at the rear about si inches above the back of the 
hearth. 

The tap-hole is 2 inches square, and discharges into a 
square stone sump, 27 inches long, 16 inches broad, and 4 
to 5 inches deep, that corresponds with the "Vortiegel" 
(mentioned elsewhere), and is connected by a channel with 
an iron bowl (answering to the " Stechherd "), 16 inches in 
diameter, which is set in the floor of the building, and out 
of which the metal is ladled into moulds. 

The furnace-slags are stamped dry in a special battery 
provided with a wooden bed, and are afterwards cleaned on 
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an end-percussion table to recover the globules of tin they 
contain. 

The bars obtained when the metal is cast, are not 
refined the same way as at Altenberg, being liquated in the 
furnace, Fig. 50, instead of on an iron plate. 

The arrangement for doing this is most simple, consisting 
of a stone shaft (A) 2 ft. 2 in. square inside, with a sloping 
iron hearth (b) that has an opening (c) in front 20 inches 
long, and 2 J inches high ; whilst above it, at the height of 
about I foot, there are a series of grate bars (d) arranged 
side by side. 

The operation is conducted by piling eight or nine blocks 
of tin (each measuring, say, 14^ inches by 5 inches by 
4i inches) at a time upon the grate (d), and keeping up a 
fire underneath until the metal above has all melted and 
run down through the glowing charcoal on the hearth, and 
thence into the iron pan (p), which is in front, and is nearly 
2 feet deep and of about the same diameter. 

The dross is left behind in the charcoal, and is returned 
to the shaft furnace on the next occasion it i^ in blast; 
whilst the tin is ladled out of the pan (p), and cast into 
bars, ready for shipment and sale. 
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Fig. I represents a level driven from firm ground (a) through the 
" Stehenden Bruch " (b), into the " Lebendigen Bruch " (e) with a 
" Flugel-ort " (c), a " Schub-ort (d) and an open space (h) above the 
timber, which for the sake of clearness is shown only partly packed 
with attle (c)* 

Fig. 2 is a cross-section on the line a — ^, taken through the main 
gallery. 

Fig. 3 shows the timbering inside one of the main galleries at the 
commencement of a Flugel-ort (c) isometrically, as a drawing in per- 
spective would not have answered the purpose so well ; but it must not 
be supposed that a shaft or winze (the only position from which such a 
view could be really obtained) is ever sunk through the "Bruch." 
Were it so, in this instance, the two opposite adjacent sides would be 
shown. 

In the cross-drift (c) there is a dividing-piece (/) between the posts, 
set half-way above the floor, in addition to the usual one at top (A), 

Fig. I. 

Fig. 4, plan of Mill No. i, used to concentrate tin ore at Altenberg, 
Saxony, contains a plant that includes : — 



8 Batteries of Stamps (e) 
8 Settling-tanks (h) 
I Tye (d) 



4 Settling-boxes (g) 

4 End-percussion tables (a) 

3 Inclined-tables (k) 



The necessity in designing a mill of allowing sufficient room for the 
proper manipulation of the machinery it is to contain, which is too 
often sacrificed to a false idea of economy, might here seem to have 
been carried to quite an opposite and unreasonable extreme. But it 
should be explained that the vacant space behind the tables was for- 
merly occupied by other plant, since removed. 

Figs. 5 and 6 represent one of the stamp-batteries in side elevation, 
partly in front elevation, as well as vertical side -section, and show the 
battery posts (« a) that are mortised to a firm foundation-block {b) ; 
above which, at a height of about 7 inches, sills {cc) are let into the 
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posts to give greater solidity to the bottom of " the coffer " (d) that 
rests upon them, 

The sides of the coffer arc nailed and rabbeted together, and 
spiked to the end-posts ; whilst to give greater strength, as a number 
of batteries are parallel to one another, horizontal struts (i) are put 
between them. 

Fig. 7 gives a plan and detailed longitudinal section of the settling- 
boxes against the wall (w), showing the gutter (f) with the channel 
ways (3 a), one shut, the other open ; the overflow slit (A) ; the holes 
stopped with plugs (cc); the iron shoot (/} ; the distribuiiug-block 
(rf) ; and the cross-sills (issi), placed underneath, to keep the boxes 
off the ground. 

Fig. 8 represents a plan of the slime-pits, and explains itself; (a a a) 
are the passage-ways by which the slimes pass from one compartment 
to another, after having found entrance to the launder (i) through the 
movable door (^. The tailings-sluice (A) is kept open or closed by 
a sliding-gate (^). 

Fig, 9 is a drawing of an end- percussion frame, that has been 
specially prepared for this pamphlet by the author, after a careful con- 
sideration of the details and measurements of a large number of 
examples known to him in all parts of Saxony, so as to represent as 
nearly as possible one of the best and most serviceable forms of wooden 
tabic commonly met with, and is meant rather as a typical example 
than to illustrate any particular case. 

Three views are given, viz. plan, side- elevation, and end-elevation 
of framing, the lettering in each corresponding with the others. 

A is the " Unterfass," fl the bed of the table itself, c the platform 
from which the work is more or less controlled, d the mixing-box or 
mehl kasten, E the distributing or pegging-board — Germ. Happen- 
bret — T the posts, and F the clear-water launder. 

The framingof a double table consists of nine posts (ttt) mortised 
and pinned to three separate mud-sills Iggq), that rest upon four 

The posts are supported by the struts («,«, and «') that are let into 
them, as well as into the mud-sills, and are fastened securely at both 
enda with iron straps. 

The three posts at the lower end are united at the top by a cap-piece 
(r), underneath which there is a roller {d) fitted with a pawl and 
ratchet-wheel arrangement (,g//>), and two iron bands {te) pierced 
with holes for the introduction of levers, so as when necessary to raise 
the foot of the table, that is suspended from hooks {kh) by the 
chains {c), fitted with turn-buckles (c*) for closer adjustment. 

The six posts at the upper end are also strengthened by distance- 
pieces {p P p) set between each pair, that serve as joists for supporting 
the floor (c). The top of the three rearmost ones carry the bearings of 
the roller the tappet connecting-bar (v) swings upon. 
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The arrangement for receiving the rearward thmst of the table in 
falling, consists of a cushioning-block (s), separated firom a backing- 
baulk of timber (/) by bolster-pieces (x x). 

Piers and buttresses of masonry give rigidity, and prevent any bodily 
movement of the framing taking place backwards, suppmting as wdl 
the wooden pillows (Z'), to which the plunmier-blocks that hold the 
bearings of the cam-shaft (/) are bolted. 

Other accessories of the table are the tappet-rod (y) and the puis.(/)9 
to which the chains are fastened ; whilst there is a gutter (a) at its 
foot to receive the tailings running off the splash-board (tf'), when the 
bridge (a") is not used to carry them over the gutter, into the 
" Untcrfass " (a). 

Where the drawing has been broken, aU the necessary dimensions 
arc given upon it. 

The figures that follow, up to Fig. i8, show the separate parts of the 
table, Fig. 9, in detail. 

Fig. 10 shows the table proper, in longitudinal section and side 
elevation, illustrating how it is actually built. 

Fig. 1 1 is similar to the last fig^e, only on a larger scale, and with 
the (liffcrcncc that the bed here has a rounded instead of a step-form 
of head. The iron racks (a) serve to regulate the tension by moving 
the end rings of the upper chains along them. 

Fig. 12 gives back and end views of Fig. 10. 

Fig. 13 is a plan of the under side of the same table. 

Fig. 14 shows a front elevation and vertical section (taken along 
a—d), as well as plans both of the upper and under side of the cast- 
iron targct-platc, that is fitted and bolted to the front of the cushioning- 
block (s)f Fig. 9. This casting has a square hole (c) running through 
the centre of the projecting target, into which a buffer. Fig. 16, fits 
tightly ; whilst on each side there is a hole with a square counter-sunk 
recess on the outside, for the reception of the i^-inch lag-screws, or 
screw-bolts, that hold it in place. 

The channel-way (d) on top is provided with four lugs (//), the 
purpose of which will be explained in what follows. 

Fig. 1 5 gives a plan, besides side and end elevations, of an iron shoe 
that has two wings (/'/) so arranged as to fit into the space between 
the lugs (//) on top of the target-plate, in order to form a guide for 
the tappet-rod C^'), Figs. 9 and 13. 

Fig. 16 represents the buffer before alluded to, which is strengthened 
by an iron band shrunk on to its end. 

Fig. 17 shows the shape of the cast-iron face-plate (A), Fig. 13, that 
is bolted to that part of the back of the table which should come in 
contact with the anvil-block or buffer. 

Fig. 18 furnishes a side and front elevation of the tappet connect- 
ing-bar (v), Fig. 9, showing the roller (a) with bearings, and the 
tappet-bar (v) with its connecting arm {k), joined by a tie-rod and 
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cross-bar {c), as also the tappet-rod {y). The tappet arm, it will be 
noticed, consists of two parts, viz. the sliding tappet-bar itself (v) 
(sheathed at the end with an iron armature that acts as a tappet, and 
can be moved up or down by the winch-handle {h) that works a 
square-threaded screw), and an outer casing {b b b) serving as a guide, 
that is firmly bound and clamped together with iron girdles, plates, 
and bolts. 

Fig. 19 gives plan and elevation of a "tye" — Germ. Schlamme- 
graben — provided with a wooden pipe {Uy shown half in section), for 
clear water, which can be cut off or let on as required by means of a 
cock above ; a scaffold or head-box {b) with a lath (/) nailed along 
the front of it ; a head-board {h) with a splash-plank (^)— Germ. 
Tropf-leiste— before it, to direct the discharge from the head-box pro- 
perly downwards ; and a foot-board {s) with plugrholes for the escape 
of tailings, that are led into the gutter (/) by the housing (r) round 
the holes. 

Fig. 20 represents a plan as well as longitudinal and cross-sections 
of an inclined-table, or nicking-buddle — Germ. Glauchherd— set up 
against the side of a wall, to which the clear-water-pipe {a) is per- 
manently fixed with staples ; whilst in the same way the " Stein-trogs," 
which will be again referred to, are supported on wall-brackets. It 
may also be noticed that the inclination of the bed can be varied by 
inserting wedges (at d) underneath ; and that the corners where the 
sides and flooring join ought to be rounded off, as shown in the 
enlarged cross-section, by letting in moulded slats specially shaped with 
that idea. 

Fig. 21 shows the roasting furnace used at Altenberg in vertical and 
horizontal sections, full details of which will be found in the text. 

Fig. 22 is merely a general view of the same furnace represented in 
Fig. 21, to give a fuller idea of its details and connection with the old 
form of condensing chambers {k)y that used to be constructed of wood 
(supported as is seen, on wooden trestles), but they are now universally 
built of stone in all modem works. 

Fig. 23 furnishes a horizontal section of the chambers on an enlarged 
scale, with chimney {a). 

Fig. 24 illustrates an improvement upon the foregoing arrangement, 
though the dimensions of the chambers, which have been kept the 
same for the sake of comparison the better to convey the idea intended, 
would naturally be considerably • modified in practice, to suit the 
advance that has been made of late years in determining the size of 
passage-way that is most conducive to a settlement of " the fume." 

Fig. 25 gives a plan and vertical section of an arsenic-kettle, already 
fully described. It is only necessary to add, that it is on the inside of 
a building, of which H is the outer wall ; and that the ash-pit (?) is 
provided with a regulator door (ji). 

Fig. 26 shows a side and front elevation of the scraper or " Kiste " that 

G 
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is used to distribute and spread the ore upon the nicking-buddle, the 
diflference between it and the one used to smooth the ore on the end- 
percussion table being that whilst the handle of the former is only 
about 14 inches in length, that of the latter is several feet long, and 
its blade is rather narrower. 

Fig. 27 gives side and front views of a brush made of pine boughs 
used in connection with the '^ inclined-table." 

Fig, 28 represents plan and side elevation of the " Stein," or " Sicher- 
trog^ (a) before spoken of, resting on a bracket (b), which is also 
shown apart in end elevation. 

Fig. 29 furnishes a front and side view of the wooden knife used to 
collect the concentrates brushed out of the ore. 

Fig. 30 gives a side elevation of a knocking tub (k), like K, Fig. 40 ; 
and of the leaching tub (a) used in the extraction of bismuth. 

Fig. 31 shows the general arrangement of the distributing and pre- 
cipitating troughs employed in the bismuth process, which for con- 
venience sake are mounted on trestles. 

Fig. 32 is a representation of a bismuth melting furnace, in front 
elevation as well as vertical side-section. Its chief peculiarity lies in 
the sheet-iron cylindrical mantle (a) and hood (b) above the 
crucible (^), as the former can, when desired, be moved to examine 
the state of the melt by means of the handle (a), without disturbing 
the upper part, which is kept in place hanging from hooks (fib) riveted 
to its sides upon iron chains. 

The cover of the fire-place consists of two fire-brick slabs {cc), with 
a semicircle cut out of the long side of each, so as to form a round 
opening in the middle. 

Fig. 33 shows the dipping-ladle used with the furnace. Fig. 32. 

Fig. 34 shows the shape of the ingot-mould in which bismuth is 
generally cast. 

Fig. 35 shows the ore-scoop employed to charge the crucible (<:), 

Fig. 32. 

Fig. 36 presents a vertical side-section and plan of the large or ore- 
smelting shaft- blast-furnace of the type known as a " Spur " or " Gutter 
Ofen," used for smelting tin at Altenberg, a full lettered description of 
which will be found in the text. 

Fig. 37 is a vertical section through the middle of the small shaft 
furnace, " Schlacken-treib Ofen," employed in connection with the 
larger one (Fig. 36) for the so-called " refining of the slags." 

Fig. 38 represents an ideal section through the axis of the granitic 
cupola that contains the tin deposits at Zinnwald, exhibiting the beds 
or Flotze {a a a), intersected by a vein or gang {cc), supposed to enrich 
the rock on either side of it. 

Fig. 39 is an actual section sketched in the workings. 

Fig. 40 gives a plan and section (along the lines a B c d) of the 
wolfram dressing-floors at Zinnwald, containing a plant of : — 



Steam-engine 


B 


Stamps 


CC 


Pointed-boxes 


FF 


Settling-tanks 


GG 



EXPLANATION OF THE PLATES. 83 

1 eight-stamp battery, with ore-bins s 

2 water wheels * F f' 
2 percussion tables G G 
12 settling-tanks H 
I tye (schlamme graben) P 

and shows also the position of a partly dismantled stamp-battery (s'). 
The leet (t) for distributing the water to the wheels, as well as the 
gutter {a) that carries the battery-slimes to the settling-tanks, from 
whence they pass through the tailings-launder (^'), to the slime-pits 
outside. 

Fig. 41 is a plan of the stamp-house and dressing-floors at 
Abertham, Bohemia ; containing : — 

Side-percussion tables M M 

End-percussion tables P P 

Boiler S 

Leaching-tubs v v 

The principal details of the side percussion tables are also shown, 
viz. : — 

The revolving screen (for 

removing chips) / 

The gutter (for conveying 

the pulp) • / 

The pegging-board w 

The clear-water tank p 

The spring s 

m 

Fig. 42 presents a front view of a Cornish stamp-battery, details of 
which will be found in the text. 

Fig. 43 is a longitudinal section through the* Gefalle {a) and 
Grabens {g) that form the settling- tanks, GG, Fig. 41, fed by the 
gutters a , ff. 

Figs. 44, 45, 46, and 47, see page 66. 

Fig. 48, see page 67. 

Fig. 49 gives side and front elevations of the framing of a side- 
percussion table, showing the spring (j), water tank (/), and the 
iron-rods (A A), provided with turn-buckles, on which the table is 
hung. 

Fig. 50 represents the liquation furnace, in vertical section, that is 
used at Abertham. 
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Staircase Builder. Part Second, with eight plates, 8vo, cloth, y, 6d, 

The Gas Consumers Handy Book. By William 

Richards, C.E. Illustrated, i8mo, sewed, (>d. 

Steam Heating for Buildings ; or, Hints to Steam 

Fitters, being a description of Steam Heating Apparatus for Warming" 
and Ventilating Private Houses and large Buildings ; with Remarks on 
Steam, Water, and Air in their relation to Heating ; to which are added 
miscellaneous Tables. By J. W. Baldwin, Steam Heating Engineer. 
With many illustrations. Second edition, crown Svo, cloth, icj. 6d, 
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/4. Pocket-Book of Useful Formulce and Memoranda 

for Civil and Mechanical Engineers, By Guilford L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With mimerous illustrations, 744 pp. Twenty-first 
edition, revised and enlarged, 32mo, roan, 6j. 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses — Flooring, Roofing, and Roof 
Trusses--Girders, 'Bridges, etc. — Railways and Roads— Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Wanning — Heat, 
Light, Coloiur, and Sound — Gravity: Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc. — ^Workshop Recipes — Sundry Machinery-Animal Powei>-^team and 
the Steam En^ne— Water-power, Water-wheels, Turbines, etc — Wind and Windmills — 
Steam Navigation, Ship Buikiing, Tonnage, etc. — Gunnery, Projectiles, etc. — ^Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy— Mensura- 
tion — Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Pow^3— Reciprocals, etc. — Useful Numbers— Differential and Integral Calcu- 
lus—Algebraic Signs— Telegraphic Construction and Formulae. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of * Architectiural 
Surveyors' Handbook,' * Hurst's Tredgold's Carpentry,* etc. Fifth edition, 
64mo, roan, gilt edges, IJ*. ; or in cloth case, u. dd. 

This work is printed in a pearl type, and is so small, measuring only 2i in. by if in. by 
\ hi. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but a\ m. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The vofiune — which contains zi8 printed pa£;es, besides a few blank 
pages for memoranda— is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety" of information than most people 

would imagine could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion." — Engineering^, 

Analysis, Technical Valuation, Purification and Use 

of Coal Gas. By the Rev. W. R. Bowditch, M.A. With wood engravings, 
Syo, cloth^ I2s,6d. 

Condensation of Gas—Purification of Gas— Light— Measuring— Place of Testing Gas— 
Tbst Candles — ^Tha Standard for Measuring Gas-light — Test Burners — Testing Gas for 

" * ' rw,. ^'. _ /-.__ 1-.^ A 1^ — Condensation by Bromine — Gravimetric Method of 

etting or Naphthalizing Gas — Acetylene — Explosions 
-Pressure as related to Public Lighting, etc. 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement.' 
New Edition, with 59 woodcuts and ^ plates, 8vo, cloth, 15X. 

Hydrodynamics : Treatise relative to the Testing of 

Water- Wheels and Machinery, with various other matters pertaining to 
Hydrodynamics. By James Emerson. fVith numerous illustrations, 
360 pp. Third edition, crown 8vo, cloth, 4J. 6d. 
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The Gas Analyst's Manual. By F. W. Hartley, 

Assoc. Inst C.E., etc With numerous illustrations. Crown Svo, 
doth, &r. 

Gas Measurement and Gas Meter Testing. By 

F. W. Hartley. Fourth edition, revised and extended. Illustrated^ 
crown 8vo, cloth, 4r. 

The French- Polishers Manual By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6^. 

HopSy their Cultivation^ Commerce^ and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, ^r. 6^. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 2g plates^ cloth, 2%s, 

Synopsis of Contents : 

Introduction— History of Gas Lip^hting— Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S. — Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay — Retort Setting — Hydraulic Main — Con- 
densers — Exhausters — Washers and Scrubbers— Purifiers — Purification — History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holdei's — Station M eter — Governor — Distribution — 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services — Consumers' Meters — Regulators — Burners — Fittings — Photometer— Carburization 
of Gas— Air Gas and Water Gas — Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas — Residual 
Products — ^Appendix — Description of Retort Settings, Buildings, etc., etc. 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to which are added rules for Shading Shade-lining, etc., 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George S. Clarke, Lieut. R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College. 20 plates ^ 
4to, cloth, 15^. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations^ crown 8vo, cloth, 5^. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Lieut Royal Engineers. With 112 illustrattons, 
4to, cloth, 12^. dd. 
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Xhe New Formula for Mean Velocity of Discharge 

ef Riatrs and Canals. By W. R. Kutter. Translated from articles in 
the ' CuUnr-Ingcnieur,' by Lowis D'A, Jackson, Assoc. last. C.E, 
8vo, doth, lar. dd. 

Practical Hydraiilics ; a Series of Rules and Tables 

for the use of Engineeis, etc, etc. By Thomas Box. Fifth edition, 
numerous flales, post Svo, cloth, 5/. 

Practical Treatise on the Construction of Hori- 

sonlal and Vertkal WaUrmhuti, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II jiltUti. Second edition, revised and enlarged, small 410, cloth, I23.6if, 

4id Book to Engineering Enterprise Abroad. By 

EwiNG Mathesom, M. Inst. C.E. The book treats of Public Works 
and Eogineering Enterprises in their inception and preliminary arrange- 
ment ; of Ihe difTereot modes in which money is provided for their 
accomplish tneot ; and of the economical and technical considerations by 
which success or lailure is determined. The information necessary to 
the designs of EagineeR is classified, as are also those particulars by 
which Contractors may estimate the cost of works, sod Capitalists the 
probabilities of prolit. liluilraltd, 2 toIs., Svo, I2i. 6d. each. 

I The Essential Elements of Practical Mechanics ; 

I iajeil OH Ihe FriitcipU of iVerk, designed for Engineeriog Students. By 
I Olivek Byrne, formerly Professor of Mathematics, College for Civil 
" Engineers. Third edition, iwM 148 taosd eHgravings, post 8vo, cloth, 
It. 6d. 

Contents : 

Cliap. I. How Work is Measured by a Unit, both with and without refeienm ID a Unit 
of Time— Chap. 1. Th« Work of Living Agents, Ihe Influence of Frii:tian, and introduces 
oneoflheiDostbeiintifuILawiDCMoliun— Cbsp.). Theprincmlu expounded in lh< RrUand 

»nd ehiinen urc applied In Ihe Motion of Bodies— Chap. 4. The TfiuumiHion of Wo A bi 

ipto Mschinu— Chap. f. Useful Proposilions and Rules. 

T/ie Practical Millwrights and Engineers Ready 

Rtthmer; or Tables for finding the diameter and power of c:^-ifbeel>, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, lamo, cloth, 3J. 

Breweries and Malti?igs : their Arrangement, Con- 
struction, Machinery, and PlanL By G. ScAMF.l.l- F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colvee, M.LC.E., 
M.I.M.E. IVM TOplata, Svo, cloth, i&. 

\A practical Treatise on t}ie Matmfacture of Starch, 

Glucose, Slarch-Sugar, and DtxMni, based on lie German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authoriiieB, ByJULius FnANKEL; edited by Robert Huttek, 
proprietor of the Philadelphia Starch Works, With 58 ilhisiratimt, 
344 pp., 8vc^ cloth, \%i. 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by Moritz MI^ller. Plates, 8vo, 
cloth, I2J. 6d. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5j. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and 'other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations, drawn and worked out to scale, 
8vo, cloth, I2J-. 6d, 

Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and g6 plates^ in one Volume, half-bound morocco, 2/. 2s.; 
i or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 

is intended to describe examples of Fixed Steam Engines without entering into the wide 

, domain of locomotive or marine practice. To this end illustrations will be given of the most 

recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in ^e construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
! rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 

I Slide-valves, and Valve^earing will be minutely dealt with. In this connection will be found 

i artides upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 

i Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 

! illustrations from every possible source, and give only those rules that present practice deems 

correct. 

Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Hoots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6j. 

I* 

Camus (M.) Treatise on the Teeth of Wheels, demon- 

j strating the best forms which can be given to them for the purposes of 

Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
1 practice of Millwrights, Engine Makers, and other Machinists, by 

' Isaac Hawkins. Third edition, with \% plates, 8yo, cloth, 5j. 
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Practical Treatise on the Science of Land and 

Sngiiutririg Survtying, Levelling, Estimating Quanlilies, etc., wilh a 
general description of Ihe several Instruments required for Survejing, 
Levelling, Plotting, etc. By H, S. MEERETT. Third editioQ, 41 flata 
with illaslrations and tables, ^oyal 8vo, clolh, 12/. 6rf. 



Pkincipal Contents ; 



on and the Piindplffi nf GeoiDclr 
■vaiioii!— Tho Chm— OfRen Surv, 



ptuing GencTBi 

Milly Ground— Tg Survey an t _. 

Thcodoliu^Minine und 7awa Surveying— RalJra.-^d Surv> 
Laying ouior Land— Ohiervaitons on Enclonires—PlfuieTrigoi 
Simple and Compound Leveltinp— The Level Book— PsiKa 



Pari 9. Land Sun 



4. (JalculatiDg IJusntities generally (or £: 
yrickwork—lronvorii— Titn^cr Measuring. 
urvBying and Rolling— ITie Improvod Dun 
mpaH — Proportionar Compass— Box Seii 



Suateht EdEe and Seclor. Put 6. Lagarhbmi 
Co-Suiet, Tangenls and Ci>-Tangsnt<— Naluial Sin 



:— The Diagonal Scale- 
'Lngarilfanuc &lq«5 lUX 
i-TsblD for Eanbwork 



^aws: the History, Development, Action^ Classifica- 
tion, and Comfariiim ef Savj! cf all kinds. By Robert Geihshaw. 
With 7,%o illustrations, 4I0, cloth, I2j. bd. 

Supplement to the above; containing additional 

practical mutter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to Ihe behaviour of Saws under 
particidar conditions, ifllh IZO illuslrations, cloth, gr. 

[ Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illuilralians, 
second edition, crown 8vo, cloth, 4J. fid, 

f.aying and Repairing Electric Telegraph Cables. By 

Capt. V. IIosKlEER, Royal Danish Engineers. Crown Svo, cloth, 
y.6d. 

A Packet-Book of Practical Rules for the Proportions 

of Modern Engines and Boilers far Land and Marine purposes. By N. P. 

tBuRGU. Seventh edition, royal 33mo, roan, 41. &/. 
Table of Logarithms of the Natural Numbers, from 
I to 108,000. By Charles Babbaoe, Esq., M.A. Stereotyped edition, 
to)^ 8vo, doth, 71. dd. 



Vtt,\ Hmwn'a, Brigg,', 
by oDie different deaden ; 
iKROtypcd ibeett were hi 
10 uijftnK wlw could find 
iwiB m ifoj DO amr hai 1: 



SK ol IhuE Tables oC LoEHrilhms, Ibey were compared 
Cvdiner't, and Taylot's TiUis oC Logariihuu, and 

■ng up in the Hall 11 Cambridge Univeniiy, and a i 
an inaccuracy. So corrccc ara the$e Tables, that b 
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The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval College. 
8vo, cloth, I2s, M. , 

T/ie Practice of Hand Turning in Wood, Ivory, Shell, 

etc., with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By FraJsXIS Campin. 
Second edition, with wood engravings, crown 8vo, cloth, 6s, 

Contents : 

On Lathe*— Turning Tools — ^Turning Wood — Drilling— Screw Cutting — Miscellaneous 
Apparatus and Processes— Turning Particular Forms — Staining— Polishing— Spinning Metals 
— Materials — Ornamental Turning, etc. 

Health and Comfort in House Btiilding, or Ventila- 

. Hon with Warm Air by Self- Acting Stution Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, *]s, 6d. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrationsi crown 
8vo, cloth, 6^. 6d, 

Contents : 

IDefinttions of Words and Terms used in Watchwork — Tools — Time — Historical Sum- 
jiary^-On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trains, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
lip — The Verge— The Horizontal — ^The Duplex — ^The Lever — The Chronometer — Repeating 
Watches— Keyless Watches — The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Sp07is Engineers and Contractors Illustrated Book 

of Prices of Machines, Tools, Ironwork, and Contractors'* Material; 
and Engineers^ Directory* Third edition, 4to, cloth, 6^. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the DifTer- 
cntial Calculus,' etc. Second edition, crown 8vo, cloth, 2J. (id. 

Contents : 

Symbols and the Signs of Operation — The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — ^Division, 
Fractions, and Ratio — Continued Proportion — ^The Series and the Summation of the Series — 
Limit of Series— Square and Cube Roots — Equations — List of Formulae, etc. 
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JUST PUBLISHED. 

In super-rojral 8vo, zz68 pp., with 3400 iUustrations, in 3 Divisions, cloth, price Z3f. 6d* 

each ; or 1 vol., cloth, 2/. ; or half-morocco, 3/. Zs. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING, 

Edited by ERNEST SPON, Memb. Soc. Engineers, 

The success which has attended the publication of * Spons' Dictionary of 
Engineering * has encouraged the Publishers to use every effort tending to 
keep the work up to the standard of existing professional knowledge. As the 
Book has now been some years before the public without addition or revision, 
there are many subjects of importance which, of necessity, are either not 
included in its pages, or have been treated somewhat less fully than their 
present importance demands. With the object, therefore, of remedjring these 
omissions, this Supplement. is now being issued. Each subject in it is treated 
in a thoroughly comprehensive way ; but, of course, without repeating the 
information already included in the body of the work. 
The new matter comprises articles upon 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. • 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Barn Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Cual Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetailSjTelephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, And Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machincr}'. 

Tramwavs. 

Well Sinking. 



NOW COMPLETE. 

IJ^iiA nearly 1500 illustrations^ in super-royal 8vo, in 5 Divisions, cloth. 
Divisions i to 4, 131. 6d, each ; Division 5, 17J'. 6^. ; or 2 vols., cloth, £^ lox. 

SPONS' ENCYCLOPAEDIA 



OF TUB 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 



Acids, 207 pp. 220 fifi[s. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 fig^. 
Alloys. Alum. 

Asphalt. Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 ]jp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP- 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

PP- . 
Explosives, 22 pp. 33 figs. 

Feathers. 

Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

I^eather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffm, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 p]). 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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